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Preface 


A  comprehensive  survey  of  the  chemistry  and  technology  of  the  cereal 
industries  has  never  been  published  although  many  good  treatments  of 
such  specialized  subjects  as  milling  and  baking  are  available.  This  lack 
has  handicapped  students  and  workers  in  cereals  and  allied  fields,  as 
attested  by  the  opinions  expressed  to  the  editor  and  the  publisher  when 
they  made  known  their  intention  of  compiling  such  a  survey.  It  is  the 
sincere  hope  of  the  editor  that  the  present  volume  will  remedy  the  defi¬ 
ciencies  of  the  past. 

Some  limitations  on  subject  matter  were  necessary  in  order  to  keep 
the  length  of  the  book  within  reasonable  bounds.  Only  cereal  grains 
have  been  dealt  with:  soybeans,  buckwheat,  etc.,  are  not  discussed. 
Forage  uses  of  cereal  plants  have  been  considered  only  when  they  have 
an  important  bearing  on  other  uses  of  the  grains.  Non-feed  and  non¬ 
food  processing  methods  have  usually  been  ignored,  although  in  some 
cases  (such  as  the  wet-milling  chapter),  brief  discussions  of  these  matters 
have  been  necessary  in  order  to  define  completely  the  more  pertinent 
processing  methods.  For  the  most  part,  emphasis  has  been  placed  upon 
procedures  in  the  United  States. 

Breadth,  rather  than  depth,  of  coverage  was  sought.  Where  possible, 
bibliographies  of  considerable  length  have  been  included  to  direct  the 
reader  to  more  extensive  discussions  of  the  finer  points  of  the  art. 

Authors  were  selected  from  among  those  scientists  and  technologists 
who  have  a  close  and  continuing  acquaintance  with  commercial  practices 
in  their  specialized  area.  Pre-eminence  in  professional  reputation  was 
considered  a  necessary  qualification,  but  voluminous  prior  publication  was 
not.  Attempts  were  made  to  obtain  authors  who  had  fresh  and  11011- 
derivative  views  of  their  field. 


For  the  convenience  of  the  reader,  the  book  is  divided  into  three  sec¬ 
tions.  The  first  series  of  chapters  deals  with  the  quality  characteristics 
and  the  production  of  cereal  grains.  These  chapters  provide  a  back¬ 
ground  for  the  discussions  dealing  with  processing  methods  which  are 
found  in  Section  II.  The  final  section  includes  chapters  concerned  with 

some  of  the  more  important  characteristics  of  broad  classes  of  grains  and 
gram  products.  h 

This  book  is  not  directed  to  cereal  chemists  alone,  although  its  most 
obvious  appeal  is  to  that  group.  Other  food  technologists  should  benefit 
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from  the  unified  treatment  of  the  subject.  Agronomists  should  find  it 
particularly  useful  because  of  the  technique  of  relating  raw  material 
quality  to  processing  variables  and  finished  product  characteristics. 
Marketing  and  sales  personnel  should  find  the  material  presented  to  be 
of  value  in  orienting  themselves  on  factors  affecting  product  quality  and 
supply. 

A  listing  of  all  the  persons  who  have  supplied  counsel,  information, 
reviews,  illustrative  material,  and  encouragement  would  require  a  chapter 
by  itself.  Acknowledgements  must  of  necessity  be  incomplete  for  this 
reason,  but  the  following  list  includes  persons  other  than  authors  who 
have  reviewed  chapters  or  made  other  substantial  and  time  consuming 
contributions  to  the  book. 


Mr.  A.  Jack  Bergers,  Kellogg  Co.,  Battle  Creek,  Mich. 

Mr.  Louis  Champlin,  General  Mills,  Minneapolis. 

Mr.  Walter  Chimel,  General  Foods,  Battle  Creek,  Mich. 

Mr.  Robert  Clark  II,  Quaker  Oats,  Chicago. 

Mr.  Bill  Evans,  General  Mills,  Chicago. 

Mr.  Ed.  Feigon,  Kitchen  Arts  Foods,  Chicago. 

Mr.  J.  C.  Frankenfeld,  Flour  Mills  of  America,  Kansas  City,  Mo. 

Dr.  Rae  Harris,  North  Dakota  Agricultural  College,  Fargo. 

Mr.  K.  K.  Keneaster,  Converted  Rice,  Houston,  Texas. 

M/Sgt.  Omer  E.  Mason,  QM.  Food  and  Container  Institute,  Chicago. 
Mr.  Stanley  McHugh,  American  Bakeries,  Chicago. 

Dr.  W.  J.  Olson,  Fleischmann  Malting  Co.,  Chicago. 

Dr,  F.  N.  Peters,  Quaker  Oats,  Barrington,  Ill. 

Mr.  E.  G.  Rupp,  Quaker  Oats,  Barrington,  Ill. 

Dr.  Thomas  J.  Schoch,  Corn  Products  Industries,  Argo,  Ill. 

Capt.  Eric  Schramm,  QM.  Subsistence  School,  Chicago. 

Dr.  Stanley  Watson,  Com  Products  Industries,  Argo,  Ill. 

Mr.  Dallas  Western,  Quaker  Oats,  Chicago. 

Mr.  Max  Wolf,  QM,  Food  and  Container  Institute,  Chicago. 

Dr.  Lawrence  Zeleny,  U.  S.  Dept.  Agr.,  Washington,  D.  C. 


In  spite  of  thorough  reviews  by  the  above  persons  and  otheis  it  is  in 
evitable  that,  in  a  book  of  this  size,  errors  will  creep  in  Ihe  editor  will 
deem  it  a  valuable  favor  if  the  reader  will  inform  him  of  errors  which  are 
detected  and  will  make  suggestions  of  changes  which  can  be  incorpora  e 


inC^n^r  employees  of  any  branch  of  the  Federal  govern¬ 
ment  are,  of  course,  expressing  in  these  articles  only  t  leir  own  opin  o 
and  not  those  of  their  employer.  Samuel  a.  Matz 
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HISTORICAL  ASPECTS  OF  WHEAT  PRODUCTION 
Origin  of  the  Wheat  Plant 

Notwithstanding  many  years  of  intensive  effort  and  extensive  investi¬ 
gation,  it  has  not  been  determined  accurately  either  when  or  where  the 
first  cultivated  wheat  originated.  At  the  beginning  of  recorded  history, 
wheat  was  already  an  established  crop  whose  origin  was  unknown  (Anon. 
1953). 

The  ancestry  of  the  common  races  of  wheat  grown  today  remains 
problematical;  however,  a  good  deal  of  evidence  indicates  that  cultivated 
einkorn  was  developed  from  a  type  of  wild  grass  native  to  the  arid  pasture 
lands  of  Southeastern  Europe  and  Asia  Minor. 

Emmer,  which  is  generally  regarded  as  one  of  the  ancestors  of  the 
wheats  grown  today,  closely  resembles  a  wild  species  of  wheat  found  in 
the  mountainous  regions  of  Syria  and  Palestine.  It  is  a  much  better  wheat 
than  einkorn,  which  gives  low  yields  and  dark,  somewhat  bitter  kernels. 
Since  crude  wheat-type  plants,  such  as  einkorn  and  emmer,  and  many 
wild  species  of  grass  were  growing  centuries  ago,  Percival  (1921)  con¬ 
cluded  that  bread  wheat  originated  by  hybridization  from  an  emmer  type 
and  a  wild  species  of  grass. 

Advances  in  nuclear  physics  have  helped  immensely  to  fix  the  dates 
in  history  for  the  beginning  of  agricultural  plants.  While  plants  are  alive, 
they  absorb  from  the  atmosphere  carbon  dioxide  which  contains  traces 
of  radioactive  carbon  14.  When  plants  die,  the  supply  of  radioactive 
carbon  ceases,  because  carbon  dioxide  is  no  longer  being  ingested.  Since 
carbon  14  slowly  disintegrates,  and  since  the  rate  of  loss  of  radioactivity  is 
known,  the  time  of  death  can  be  established  by  determining  the  ratio  be¬ 
tween  the  radioactivity  of  the  carbon  in  living  and  in  dead  plants. 

Evidence  of  this  kind  places  the  beginning  of  the  cultivation  of  wheat 
roughly  six  thousand  years,  ago.  Cultivation  began  in  the  Syria-Palestine 
area  and  spread  west  and  south  into  Egypt  and  east  into  Iran.  From  Iran 
w  leat  spread  into  India,  China,  Russia,  and  Turkistan;  from  Egypt  Pales¬ 
tine,  and  Syria,  it  moved  into  South  and  Central  Europe.  The  first  wheat 
to  reach  Europe  was  in  the  form  of  einkorn  and  emmer  about  3 000  C 
Breadwheats,  such  as  we  know  today,  began  to  spread  over  Europe  from 

Stat^College I1KIR  “  H°ad’  Dcpartment  of  Fl™r  and  Feed  Milling  Industries, 
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Courtesy  Dept.  Agronomy,  Kansas  State  College 

Fig.  1.  The  Less  Common  Species  of  Wheat  Compared  With  Triticum  Vulgare, 

the  Species  Commonly  Grown 

Left  to  right,  spikes  of  T.  vulgare,  club,  einkorn,  emmer,  durum,  spelt,  poulard  and 

Polish 


southern  Russia  about  2000  B.C.  The  less  common  species  of  wheat  com¬ 
pared  with  the  types  grown  today  are  shown  in  Fig.  1. 

Cultivation  of  Wheat 

For  centuries,  agriculture  was  so  primitive  that  any  attempts  to  de¬ 
scribe  its  beginnings  become  a  matter  of  surmise  and  conjectuie.  The 
history  of  the  start  of  cultivation  of  cereal  crops  far  precedes  any  docu¬ 
ments;  therefore,  it  can  only  be  supposed  that  the  use  of  certain  grains 
for  food  led  primitive  man  to  develop  the  fundamental  art  of  scattering 
seeds  on  rough  clearances  of  the  soil.  Gradually,  crude  methods  for 
cleaning  land  and  cultivating  the  soil  developed.  The  earliest  discoveries 
of  archeologists  show  that  even  neolithic  man  had  wheat  grains  not  much 
different  from  the  types  known  today.  With  the  advent  of  written  his¬ 
tory  at  the  time  of  the  Greeks  and  Romans,  agriculture  was  a  highly 

developed  art  (Storck  and  Teague  1952).  ,  i 

Once  the  avenues  of  commerce  were  formed,  wheat  culture |  sprc . 
rather  rapidly  throughout  the  world.  Wheat  was  unknown  in  both  North 
and  South  America  until  brought  to  the  Continent  by  early  ™ 

Europe.  Because  the  wheat  plant  is  extremely  adaptable  to  env  , 
mental  conditions,  wheat  production  encircles  the  globe.  H  i  U 

being  done  somewhere  on  the  earth  every  month  of  th  yea,  as  shown 
in  Table  1.  Wheat  is  grown  from  the  latitude  close  to 
in  the  Northern  Hemisphere,  both  in  Canada  and  m  1  e 
countries,  and  beyond  the  40th  parallel  in  South  America  and  New 

Zealand. 
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Table  1 


THE  WORLD’S  WHEAT  HARVEST 


Month 

Country 

Month 

Country 

January 

Australia 

July  ( Cotild . ) 

England 

New  Zealand 

U.S.S.R.  (South) 
Switzerland 

February 

Egypt  (Upper) 

United  States 

March 

India 

August 

Belgium 

Canada 

April 

Middle  East 

Denmark 

Egypt  (Lower) 

England 

Mexico 

U.S.S.R.  (Central) 
Poland 

May 

China 

Netherlands 

Japan 

Morocco 

United  States  (North) 

United  States  (Texas) 

September  and 

Norway 

June 

France 

October 

U.S.S.R.  (North) 
Sweden 

Greece 

Italy 

November 

Africa  (South) 

Spain 

Peru 

Turkey 

United  States 

December 

Australia 

July 

Austria 

Argentina 

Africa 

Hungary 

Chile 

Bulgaria 

New  Zealand 

The  cultivation  of  wheat  varies  from  primitive  methods,  still  practiced 
in  a  few  areas  of  the  world,  to  complete  mechanization  of  the  entire 
operation  from  soil  preparation  to  harvesting.  In  the  more  important 
wheat-producing  areas  land  is  plowed,  prepared  for  seeding,  and  sowed 
by  tractor  equipment  operation,  after  which  the  crop  is  harvested  by  self- 

propelled  combines  and  the  wheat  transported  to  storage  or  to  railway 
terminals  by  truck. 


BOTANY  OF  THE  WHEAT  PLANT 
Germination  and  Growth 

Development  of  the  wheat  plant  starts  with  the  germination  of  the  seed 

'  T®  s0™  se®d  ean  germinate  and  growth  proceed,  several  conditions 
must  he  fuelled  such  as:  (1)  an  adequate  amount ’of  moisture  ta  th 

—  g:^^!0rupply  <>f  — ■  -  - 

swollen.  Soon  the  perila^  .and  becomes 

Hie  plumule  of  the  embryo  emerges  Later  the  n  rUptureS  and 

followed  a  few  hours  later  by  the  first  ,ni  of  t  P  ^  r<K>t 

•  mst  Pan  o[  lateral  rootlets.  The  roots 
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grow  and  expand  to  provide  the  plant  with  water  and  soil  nutrients.  The 
acrospire  develops  and  pushes  up  through  the  soil  to  emerge  as  a  shoot, 
forming  the  first  foliage.  The  leaves  of  grasses  (wheat  is  classified  as 
a  grass)  are  attached  to  the  joints  of  the  stem  alternately,  in  a  manner 
which  produces  two  opposite  longitudinal  series  of  leaves.  At  the  base 
of  the  leaf-blade  of  wheat,  a  membrane  structure  nearly  surrounds  the 
stem.  Leaves  grow  in  length  from  the  base  area  near  the  stem;  therefore, 
grazing  or  cutting  back  the  leaves  does  not  prevent  renewed  growth. 


Finney,  Agronomy  Journal 
Fig.  2.  Rate  of  Development  of  Hard  Red  Winter  Kernel 


Numerals  indicate  number  of  days  after  pollination 


As  the  wheat  plant  develops,  the  stem  extends,  and  lateral  buds  formed 
near  the  surface  of  the  soil  grow  into  short  stems,  thus  producing  a  branch- 
'  ing  close  to  the  ground  which  is  called  tillering.  These  ti  us  a  er 
form  the  straws  of  the  plant  and  can  vary  in  number  up  to  100  trom  a 
single  kernel.  The  inflorescence  or  ear  of  wheat  consists  of  the  radus 
which  has  on  alternate  sides  a  number  of  spikelets.  At  the  base  o  le 
spikelets  are  two  chaffy  scales  called  glumes,  followed  by  a  number  of 
flowers  arranged  along  the  rachilla,  and  terminated  by  the  beard  or  awn. 

When  the  ear  or  head  emerges  from  the  upper  leaf  sheath,  Howem  g 
takes  place.  The  first  spikelets  to  flower  are  usually  toward  the  midd  e  o 


WHEAT 


7 


the  ear,  and  the  whole  ear  completes  flowering  under  normal  weather  con¬ 
ditions  in  five  or  six  days.  After  fertilization,  the  grain  begins  to  develop 
in  volume,  increasing  as  illustrate  in  Fig.  2. 

Recent  work  on  the  daily  development  of  the  wheat  kernel  was  re¬ 
ported  by  Scott  (1955)  and  Scott  et  al.  (1957).  The  dry  weight  and 
moisture  content  of  wheat  kernels  harvested  at  various  dates  after  pollina¬ 
tion  were  studied,  as  shown  in  Fig.  3.  The  dry  weight  of  individual 
kernels  increased  slowly  for  the  first  few  days  after  pollination  but  there- 


Fic. 

Red 


DAYS  AFTER  POLLINATION 

Courtesy  of  G.  E.  Scott,  E.  G.  Heyne,  and  K.  F.  Finney, 

Agronomy  Journal 

3.  Dky  Weight  and  Moisture  Content  of  Hard 
Winter  Wheat  Kernels  Harvested  at  Various 
Dates  After  Pollination 


after  increased  rapidly  until  the  kernel  appeared  physiologically  mature 

on  the  27th  day.  Kernel  moisture  content  reached  a  maximum  on  the 

f  “  day; then  decreased  gradually  until  the  29th  day,  when  rapid  loss 
ot  water  began. 

Structure  of  the  Wheat  Kernel 

Percival  (1921)  has  described  the  wheat  kernel  in  great  detail  The 

"r  „;rsr  it  c  t  wheat  pIr  * a,  »»*-“*  *«*  -L  „y 

shell  and  it,  a  S",gle  Seed  or  kernel  enclosed  within  a  thin 

shell  and  the  seed  cannot,  as  is  true  with  some  fruits  be  separated 
readily  from  the  shell,  or  pericarp  separated 
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Courtesy  of  Northern  Utilization  Research  and 

Fig.  4.  External  Views  of  a  Typical  Hard  Red  Winter 

Wheat  Kernel 

1-back  (dorsal)  face;  2-crease  (ventral)  face;  3-side;  4-brush; 
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Courtesy  of  Northern  Utilization  Research 
Fic.  5.  View  of  Wheat  Kernel  Bisecte 


and  Development  Division 
U.S.  Dept.  Agr. 


ed  Longitudinally 
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Fig.  6.  Transection  of  Wheat  Kernel 


groove  or  crease  extends  the  entire  length  of  the  wheat  jxrne', 
apex  or  small  end  of  the  grain  there  are  many  short  fine  “ 

brush  hairs.  The  outer  bran  or  seed  eoat  consists  of  three  layers  known 
as  the  epidermis,  epicarp,  and  endocarp.  The  other  ™ 

kernel  are  the  germ  and  endosperm.  Wheat  kernels  vary  constderably  m 

size,  form,  and  color. 
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From  a  processing  standpoint,  the  object  of  milling  is  to  separate  the 
three  main  parts  of  the  wheat  kernel  into  products  commonly  known  as 
flour,  bran,  and  germ.  The  wheat  type,  chemical  composition,  and  physi¬ 
cal  structure,  combined  with  the  equipment'  used  and  skills  applied, 
determine  the  success  of  the  milling  operation. 

Detailed  studies  of  the  structure  of  the  mature  wheat  kernel  have  been 
reported  by  Bradbury  ct  ol.  (1956,  1956A,  1956B,  and  1956C).  External, 
transected,  and  longitudinally  bisected  views  of  the  wheat  kernel  as 
described  by  these  authors  are  shown  in  Figs.  4,  5  and  6.  They  report  the 
bran  to  be  composed  of  the  pericarp  and  the  outermost  tissues  of  the  seed, 
including  the  aluerone  layer,  and  also  that  there  is  no  line  of  cleavage 
between  the  bran  and  starchy  endosperm.  This  accounts  for  some  of 
the  difficulties  encountered  in  flour  milling  when  a  complete  separation 
between  the  two  is  desired.  The  germ,  however,  is  a  separate  entity, 
and  no  breakage  of  cell  walls  is  required  to  separate  germ  from  endo¬ 
sperm. 

The  various  parts  of  the  wheat  kernel  are  named  and  shown  in  the 
illustrations.  The  tissues  of  the  pericarp  form  a  thin  protective  covering 
over  the  entire  wheat  kernel.  Microscopic  examination  of  the  pericarp 
shows  that  it  is  composed  of  several  layers,  named  from  the  outside  of 
the  kernel  inward  as  follows:  epidermis,  hypodermis,  remnants  of  thin- 
walled  cells,  intermediate  cells,  cross  cells,  and  tube  cells.  The  hairs  of 
the  brush  are  extensions  of  epidermal  cells.  Any  damage  to  the  protective 
covering  of  the  kernel,  particularly  moisture  loss  or  gain,  is  important  in 
considerations  of  storage.  Bradbury  et  al.  ( 1956)  have  presented  data  to 
show  that  from  25  to  73  per  cent  of  the  kernels  of  commercial  lots  of 
wheat  had  endosperm  or  germ  exposed  as  a  result  of  mechanical  injury 
to  the  pericarp  or  seed  coat.  This  explains  why  difficulties  occur  in 
cleaning,  tempering,  and  milling  wheat. 


CLASSIFICATION  OF  WHEAT 

Species 

Wheat  belongs  to  the  grass  family,  Gramineae  (Poaceae),  and  the 
genus  Triticum.  There  are  several  bases  that  may  be  used  to  classify 
w  eat,  but  the  commonest  and  most  important  grouping  is  based  on 
botanical  characteristics.  Percival  (1921)  described  18  species,  but  only 
a  few  are  agriculturally  important.  y 

The  important  species  of  Triticum  follow: 

T.  aegilopoides  and  T.  monococcum  possess  perhaps  seven  pairs  of 
chromosomes  and  are  somewhat  more  grass-like  in  appearance  than  are 
the  common  wheat  varieties.  The  kernels  are  small,  flinty,  and  rice-like 
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T.  compaction,  or  club  wheat,  has  21  chromosomes.  This  species  is 
characterized  by  club-shaped  spikes.  The  kernels  are  plump,  soft,  and 
mealy  and  may  be  either  white  or  red. 

T.  dicoccoides  has  14  chromosomes  and  is  a  form  of  wild  emmer.  This 
species  has  certain  disease-resistant  qualities  and  has  been  used  success¬ 
fully  in  crosses  with  hard  red  spring  wheat  varieties.  The  kernels  are 
long,  narrow  and  flinty. 

T.  durum  has  14  chromosomes.  It  is  often  referred  to  as  macaroni 
wheat,  because  hardness  of  the  endosperm  makes  it  well  suited  for  manu¬ 
facturing  of  macaroni  and  related  products. 

T.  polonicum,  known  as  Polish  wheat,  has  14  chromosomes.  The  grains 
are  flinty,  long  and  narrow.  This  species  is  not  of  great  commercial  im¬ 
portance. 

T.  spelta  or  speltz  has  21  chromosomes  and  retains  its  glumes  like 
emmer  with  which  it  is  often  confused.  The  kernels  are  long  and  flinty. 
This  species  has  no  economic  importance  in  the  United  States. 

T.  timopheevi  has  14  chromosomes.  It  is  a  fairly  recent  species  possess¬ 
ing  considerable  disease-resistant  qualities. 

T.  turgidum  or  cone  wheat  has  14  chromosomes.  The  kernels  are 

large,  plump,  and  usually  mealy. 

T.  vulgare  is  a  21  chromosome  wheat  commonly  referred  to  as  a  bread 
wheat.  This  species  varies  in  size  of  kernel,  can  be  either  flinty  or  mealy, 
and  can  have  either  spring  or  winter  habit.  Most  of  the  wheat  varieties 
used  for  bread-baking  are  of  this  species. 


Methods  for  Distinguishing  Wheat  Varieties 

It  is  difficult  or  impossible  to  identify,  within  a  class,  most  varieties  of 
wheat  by  an  examination  of  the  seed.  Field  appearance  and  all  p  ant 
characteristics  usually  need  to  be  studied  before  identification  js  P°sslb 
When  need  arises,  it  has  proved  feasible  to  present  in  a  simp  1  e  , 
technical  manner,  based  on  morphological  characterise  method  for 
the  identification  of  some  varieties  of  wheat.  An  example  c  tins  is the 
identification  of  hard  red  winter  wheat  varieties  as  .  he  p .  to  whea 
growers,  grain  dealers,  and  millers.  Several  publications  on  the  subje 

of  kernel  identification  have  appeared,  one  of  the  most "eC“* Station 
tension  Circular  No.  254,  of  the  Kansas  Agricultural  Experiment 

'toSn  is  based  on  kernel  characteristics  such  as^ 
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Fig.  7.  Distinguishing  Wheat  Head  and  Kernel  Characteristics  of  Ponca 

(Left)  and  Red  Chief  (Right) 

These  are  examples  of  good  and  poor  quality  varieties 

wheats  easily  by  field  appearance,  since  the  former  varieties  are  beard¬ 
less.  Kernel  characteristics  are  also  sufficiently  different  to  be  recog¬ 
nizable  by  persons  who  have  had  some  instruction  in  wheat  kernel 
identification.  Fig.  7  illustrates  the  distinguishing  characteristics  of  Red 
Chief  kernels  compared  with  Ponca,  one  of  the  wheat  varieties  grown 
extensively  in  the  Southwest. 


PRODUCTION  STATISTICS 
World  Wheat  Production 

It  is  difficult  to  obtain  a  completely  reliable  picture  of  the  quantity  of 
wheat  grown  in  various  parts  of  the  world  because  of  continually  changing 
conditions.  Somewhere  in  the  world,  wheat  is  being  planted  or  harvested 
throughout  the  year;  consequently,  there  is  no  ideal  time  to  choose  as 
a  basis  for  estimating  total  production.  Another  complication  is  the 
absence  of  data  on  wheat  production  from  U.  S.  S  R  and  China 
Wheat  is  grown  to  some  extent  on  all  six  continents,  but  as  shown  in 
b  6  about  mne-‘enths  of  the  total  is  grown  in  Europe,  Asia,  and 
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Table  2 


Wheat  Production  by  Continents 

Continent 

Average 

1935-39 

Average 

1945-49 

1955 

Europe 

Asia 

North  America 

South  America 
Africa 

Oceania 

1 , 000  Bushels 
2,840,000* 
1,558,000 
1,086,000 
280,000 
143,000 
176,873 

1 , 000  Bushels 
2,148,000* 
1,587,000 
1,581,000 
265,000 
134.000 
182,983 

1 , 000  Bushels 

1 ,790, 0002 
1,815,000 

1 ,463,000 
300,000 
190,000 
202,800 

1  U.S.S.R.  production  in  both  Asia  and  Europe. 

2  Does  not  include  China  or  U.S.S.R. 


Table  3 


PRINCIPAL  WHEAT-PRODUCING  COUNTRIES  OF  THE  WORLD  (CHINA  AND  U.S.S.R.  EXCLUDED) 

1955-57  AVERAGE1 


Country 

1,000 

Bushels 

Country 

1,000 

Bushels 

North  America: 

Asia : 

Canada . 

.  488,570 

[ran . 

.  90,183 

United  States . 

. 953,088 

Turkey . 

.  255,980 

India . 

.  325,353 

Eui'ope : 

Pakistan . 

.  128,297 

France . 

.  339,366 

Japan . 

51,120 

West  Germany . 

. ..  130,587 

Greece . 

51,173 

Africa : 

Italy . 

.  326,230 

Egypt . 

.  54,700 

Spain . 

...  155,000 

Yugoslavia . 

87,390 

South  America: 

Argentina . 

.  226,293 

Oceania: 

Australia . 

110,200 

1  From  U.  S.  Dept.  Agr. 


North  America  (Nauheim  et  al.  1958).  Contrary  to  popular  belief,  even 
though  Asia  is  considered  a  rice-producing  and  consuming  area,  wheat 
production  is  high,  averaging  in  recent  years  about  1.8  billion  bushels. 
World  production  of  wheat,  excluding  China  and  U.S.S.R.,  has  increased 
from  about  3.6  billion  bushels  to  7  billion  bushels  in  the  past  half  cen- 
turv.  Present  wheat  production  in  Asia  exceeds  that  in  either  North 
America  or  Europe,  excluding  the  Soviet  Union.  The  three  largest  wheat 
producing  countries  are  the  United  States,  the  Soviet  Union  and  China 
The  principal  wheat  producing  countries  are  listed  in  1  ah  e  .  .  oi 
wheat  production  areas  are  shown  in  Fig  8. 

Production  in  the  United  States 

wheat  is  grown  widely  throughout  the  United  States  as  is  shown  in 
Fig.  9.  The  principal  wheat  types  by  areas  are  hard  spring  wheat  in  e 
Northwestern  states,  hard  winter  wheat  in  the  Southwest,  hard  and  soft 
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wheat  in  the  Pacific  Northwest,  soft  wheat  in  the  area  east  of  the  Missis¬ 
sippi  River,  and  durum  wheat  in  North  and  South  Dakota. 

The  most  rapid  expansion  of  wheat  acreage  harvested  in  the  United 
States  came  at  the  first  part  of  the  present  century  (Pool  1948).  The 
average  harvested  acreage  between  1899  and  1901  was  nearly  51  million 
and  it  remained  near  that  until  1913  when,  due  to  World  War  I,  a  rapid 
expansion  culminated  in  planting  73  million  acres  in  1919.  After  World 
War  I,  the  harvested  acres  of  wheat  returned  to  a  level  near  where  they 
were  at  the  start  of  the  century,  but  acreage  increased  again  during  and 


after  World  War  II.  The  highest  harvested  acreage  was  m  ml ^and 
amounted  to  nearly  76  million  acres.  Acreage  allohnen  ,  the  Sod 
and  various  governmental  efforts  to  restrict  wheat  production  have  r 
duced  the  presen.  harvested  acreage  to  well  below  50  million  acres  bu 
reduced  acres  do  not  mean  reduced  wheat  produc 10m  On^seveml 
occasions  in  past  years,  total  United  States  w  ua  P11*  1  m  illion 

teethe.-  -ahng  more 
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Table  4 


AVERAGE  UNITED  STATES  WHEAT  SUPPLY  AND  DISTRIBUTION,  IN  BUSHELS  FOR  YEARS  1951 

TO  19561 


Total  production . 

Used  for  seed . 

Milled  for  flour . 

Grain  exports . 

Fed  to  livestock . 

Total  disappearance . 

i  From  U.  S.  Dept.  Agr.,  Agricultural  Statistics  1957. 


1,077,261,000 
75,845,000 
530,622,000 
283,018,000 
75,461 ,000 
964,946,000 


than  one-third  of  the  entire  production  in  the  United  States.  South 
Dakota,  Montana,  Washington,  Texas,  Oklahoma,  and  Nebraska  are  other 
large  wheat  producing  states. 

The  average  United  States  wheat  supply  and  distribution  during  the 
years  1951-1956  are  shown  in  Table  4. 

PRODUCTION  METHODS 


Growing  the  Crop 

Farm  practices  for  preparing  the  seed  bed,  seeding,  and  harvesting 
wheat  differ  from  one  section  of  the  country  to  another.  The  most  criti¬ 
cal  conditions  prevail,  usually  in  the  semi-arid  Southwest,  where  land 
preparation  evolves  around  moisture  conservation.  The  general  prac¬ 
tices  of  preparing  land  for  seeding  to  wheat  follow  the  usual  sequence  of 
plowing,  disking,  harrowing,  and  drilling.  These  operations  are  per¬ 
formed  in  various  ways  by  common  types  of  equipment.  The  end  result 
sought  is  the  preparation  of  the  soil  for  seeding  that  will  result  in  the 
highest  possible  germination  of  seed  and  the  production  of  healthy  plants. 

Hard  Red  Winter  Wheats 


It  is  a  general  rule  throughout  the  world  that  wherever  winter  wheat 
can  be  grown  it  will  be.  Planting  in  the  fall,  and  thus  permitting  the 
plant  o  establish  a  root  system  before  the  dormancy  period,  makes  it 
possible  for  the  plant  to  use  effectively  spring  moisture,  warmth  and 
sunshine.  There  is  no  spring  delay  caused  by  waiting  until  the  field 
becomes  sufficiently  dry  to  cultivate.  Thus,  except  in  areas  where  the  loss 
om  winter  killing  is  great,  it  is  common  practice  to  produce  winter 
wheat.  In  most  instances,  there  are  definite  quality  difference? T 

tween  wheats  of  winter  and  spring  habit  bnf  tW 

thIp  Tiarn-«  i  ^  ®  b  t)ut  tli £it  is  not  the  universal 

» -  ~ 1 in  r  S  ss  “7 

sow  winter  wheat  but  if  the  cFQr,r!  i  f  cust°mary  to 

Poor  germination  due  to  dryn^  ^^“l^Sthl 
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spring,  and  with  favorable  weather  conditions,  produce  a  spring  wheat 
crop. 

Varieties  of  hard  red  winter  wheat  are  grown  under  widely  varying 
environmental  conditions  ranging  from  the  eastern  to  the  extreme  western 
parts  of  the  United  States,  and  in  all  but  the  coldest  regions.  However, 
even  in  areas  of  extreme  cold  winter  weather,  such  as  in  Montana,  con¬ 
siderable  winter  wheat  is  grown.  The  southwest  states  are  the  principal 
producers  of  hard  red  winter  wheat,  with  Kansas  the  leading  state. 
Shellenberger  ( 1957)  reviewed  the  history  of  wheat  production  in  Kansas, 
the  state  producing  the  most  wheat. 

In  many  sections  of  the  Southwest  where  moisture  is  marginal,  it  is 
customary  to  alternate  seeding  with  a  year  of  nonplanting  to  conserve 
moisture.  This  practice  is  known  as  summer  fallow.  Much  of  the  wheat 
farming  in  the  Southwest  is  on  very  large  farms  where  large  equipment  is 
used.  Wheat  is  planted  frequently  with  twelve-foot  drills  and  nearly 
always  deep  enough  to  reach  moist  soil  and  thus  permit  rapid  germina¬ 
tion.  Frequently  soil  packing  equipment  is  used  to  prevent  too  rapid 
drying  of  the  soil.  Call  (1914),  Martin  (1926),  Jardine  (1916),  and 
Leighty  and  Taylor  ( 1927 )  have  reported  that  early  plowing  and  early 
seeding  of  winter  wheat  are  usually  beneficial.  There  is  considerable 
use  of  winter  wheat  for  grazing.  This  subject  has  been  discussed  recently 
by  Anderson  (1956). 

Hard  Red  Spring  Wheats 

Nearly  all  the  hard  red  spring  wheat  is  grown  in  the  northwest  states 
of  Minnesota,  North  and  South  Dakota,  Montana,  Idaho,  and  Washing¬ 
ton.  In  the  drier  areas  of  the  western  Dakotas,  Idaho,  and  W ashington, 
it  is  common  to  summer-fallow  to  conserve  moisture.  In  the  more  humid 
areas,  spring  wheat  is  a  part  of  regular  crop  rotation  practices, 

It  is  a  general  custom  to  seed  spring  wheat  with  a  drill  as  soon  as  the 
soil  is  sufficiently  dry  to  work.  Early  seeding  provides  a  better  oppor¬ 
tunity  to  escape  the  effects  of  damage  from  hot  weather  as  well  as  in¬ 
suring  higher  yield,  as  shown  by  Dungan  and  Burlison  (194^).  Spring 
wheat  predominates  where  winter  wheats  are  killed  by  severe  win  ers. 


Durum  Wheats 

Amber  and  red  durums  are  grown  in  a  relatively  small  area  in  North 
and  South  Dakota  and  Minnesota.  The  small  quantity  of  red  duru 
grown  usually  sells  at  a  discount.  Seeding  and  harvesting  practices 
for  durum  wheats  are  the  same  as  for  hard  red  springs. 

Although  there  is  a  good  demand  for  durum  w  ea  in  e  j 

farmers  are  often  reluctant  to  grow  durum  because  of  the  higher 
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requirements,  rough  awns,  and  generally  weak  straws  that  may  lodge. 
In  addition,  the  yield  per  acre  of  durum  wheat  averages  less  than  spring 
and  winter  wheats.  During  the  past  ten  year  period  the  yield  per  acre 
for  durum  was  11.7  bushels  compared  with  14.6  bushels  per  acre  for  hard 
spring  wheat  and  18.6  bushels  for  hard  red  winter. 

Soft  Red  Winter  Wheats 

These  are  predominantly  the  wheats  grown  in  the  areas  of  greater  rain¬ 
fall,  roughly  east  of  the  Mississippi  River.  The  so-called  “corn  belt  also 
corresponds  with  the  region  of  high  production  of  soft  red  winter  wheat. 
In  fact,  it  is  common  to  find  farms  where  corn  has  been  cut  and  winter 
wheat  drilled  in  corn  field  stubble.  Often  wheat  can  be  planted  follow¬ 
ing  corn  by  merely  disking  and  harrowing  the  land.  The  use  of  com¬ 
mercial  fertilizers  to  increase  yields  is  commoner  in  the  soft  red  winter 
region  than  other  areas  where  wheat  is  grown.  In  general,  soft  red 
winter  wheat  is  grown  on  smaller,  diversified  farms. 

White  Wheats 

White  wheats  may  be  either  spring  or  winter  in  habit.  Principal  areas 
of  production  are  the  western  states  of  California,  Idaho,  Oregon,  and 
Washington,  and  in  the  State  of  Michigan  in  the  Mid-West  and  New 
York  in  the  East.  In  the  United  States,  most  white  wheats  are  soft  and 
have,  in  general,  many  of  the  same  characteristics  as  soft  red  winter 
wheats.  Cultural  practices  are  about  the  same  also. 


HARVESTING  WHEATS 

Time  of  Harvesting 

As  shown  in  Table  1,  somewhere  in  the  world,  wheat  is  being  harvested 
every  month  in  the  year.  In  the  United  States,  harvest  starts  in  early  May 
in  Southern  Texas,  reaches  its  peak  in  the  hard  red  winter  areas  of  the 

Southwest  in  early  June,  and  ends  in  October  in  the  northern  portions  of 
the  red  spring  wheat  area. 


Methods  of  Harvesting 

Not  many  years  ago,  the  common  method  of  harvesting  grains  was  the 
binder,  winch  is  still  in  use,  especially  on  small  farms.  Today,  a  great 
extent,  combines,  small  and  large,  have  taken  over  wheat  harvests 
They  cut  and  thresh  the  crop  and  are  frequently  self-propelled  Spring 
wheat  is  often  wind  rowed  or  swathed  before  threshing.  1  § 

rom  the  combines,  most  spring  and  winter  wheats  are  taken  hv  tn,  L 
directly  to  local  elevators  where  railway  cars  haul  the  whefto  te^ 
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markets.  Each  year  good  highways  and  larger  pay  loads  increase  the 
distances  wheat  can  be  hauled  economically  bv  truck.  Particularly  in 
the  “corn  belt”  area,  soft  red  winter  wheat  is  often  stored  on  the  farm, 
since  smaller  amounts  are  produced  in  that  region.  Both  farm  storage  and 
huge  cooperative  terminal  storage  facilities  are  common  in  the  major 
wheat  producing  areas. 


CLEANING  GRAIN 

Most  grains  are  not  cleaned  by  either  farmers  or  country  elevators. 
Wheat  delivered  at  an  elevator  is  sampled  and  graded  with  considerable 
accuracy  and  the  elevator  operator  usually  makes  a  price  adjustment  on 
the  basis  of  moisture  content,  test  weight,  foreign  material,  and  damaged 
or  broken  kernels.  It  is  not  usual  to  clean  or  blend  to  regulate  grade  at 
small  country  elevator  points;  however,  where  facilities  permit,  it  is  often 
possible  to  improve  grades  by  properly  mixing  the  grain  held  in  storage. 
The  important  reason  why  wheat  is  not  cleaned  once  it  has  been  weighed 
and  graded  is  that  to  discard  any  material  whatsoever  constitutes  a  weight 
loss.  Normally,  whatever  material  is  removed  from  wheat  in  the  clean¬ 
ing  process  has  less  value  than  wheat;  consequently,  cleaning  can  result 
in  a  direct  financial  loss.  The  task  of  cleaning  wheat  is  left  to  the 
processor. 

Wheat  received  at  terminal  elevators  may  be  changed  in  a  variety  of 
ways  such  as  by  drying,  washing,  cleaning,  separating,  or  sizing.  Also, 
various  grades  and  qualities  can  be  collected  and  blended  to  supply 
processors  wheat  of  uniform  quality  in  large  quantities. 


STORAGE 

Storage  of  cereal  grains  has  been  covered  fully  by  Anderson  and  Alcock 
(1954).  Storage  facilities  vary  from  small  inexpensive  farm-type  steel 
or  wooden  bins,  to  elaborate  systems  involving  mechanical  ventilation. 
On  farms,  the  circular  type  steel  bin  holding  approximately  1000  bushe  s 
of  grain  is  popular,  while  for  terminal  storage,  a  single  elevator  often 

has  a  capacity  of  several  million  bushels. 

Marketing  wheat  commercially  is  based  on  the  concept  that,  when 
reasonably  dry,  it  can  be  stored  for  long  periods  without  undergoing  a 
change  in  grade.  Maintaining  large  quantities  of  wheat  in  sate  stoiage  is 
a  tremendously  important  economic  consideration.  Wheat  is  a  b,"loS1(f 
material.  It  is  alive  and  can  deteriorate  and  die  in  st“?ge  e'*^'  . 

moisture  content  or  temperature  becomes  too  high  Whea  >.  .  ■ 
ject  to  attack  by  micro-organisms,  insects,  and  rodents  when  storage  con¬ 
ditions  arc  inadequate.  For  safe  storage,  the  following  must  be  con- 
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sidered:  (1)  moisture  content,  (2)  temperature  of  the  wheat,  (3)  in¬ 
festation,  and  (4)  type  of  bin. 

Storage  deterioration  can  be  controlled  by  drying  damp  wheat  to  a 
safe  moisture  content  and  keeping  it  dry  and  cool,  and  by  providing  good 
storage  structures,  and  by  aeration  or  forced  ventilation.  Fumigation 
will  control  infestation.  There  is  ample  evidence  that  under  normal  con¬ 
ditions  wheat  does  not  deteriorate  with  storage  age,  at  least  within  several 
years.  Shellenberger  et  al.  ( 1958)  have  shown  that  the  length  of  storage 
of  wheat  has  no  appreciable  influence  on  the  storage  properties  of  the 
flour  milled  from  the  wheat. 

When  wheat  is  stored  improperly,  deterioration  is  possible  from  any 
number  of  causes,  including:  (1)  insect  damage,  (2)  molds,  (3)  heat 
damage,  (4)  germ  damage,  (5)  sprouting,  (6)  rotting,  and  (7)  damage 
by  rodents.  These  factors  not  only  can  injure  wheat  and  cause  economic 
loss  by  lowering  germination,  but  they  also  can  cause  actual  loss  in  weight 
of  wheat,  bring  about  undesirable  changes  in  odor,  sanitary  quality,  and 
nutritive  value,  and  can  alter  the  chemical  components  such  as  the 
proteins,  lipids  and  starch. 

Experience,  dating  from  antiquity,  and  modern  research  on  grain 
storage  have  shown  that  moisture  content  and  temperature  are  the  prin¬ 
cipal  influences  in  safe  storage.  The  maximum  moisture  content  at  which 
wheat  can  be  stored  safely  depends  on  the  locality  and  the  length  of  the 
storage  period.  Kelly  et  al  ( 1942 )  have  shown  that  wheat  may  be  safely 
stored  for  a  year  with  a  moisture  content  about  one  per  cent  higher  in 
North  Dakota  than  in  Kansas  because  of  the  lower  average  temperatures 
in  North  Dakota.  For  farm-type  bins,  wheat  can  be  stored  for  a  year  or 
more  at  a  moisture  level  of  13.0  per  cent.  Hard  wheats  can  often  be  kept 
safely  with  a  moisture  content  of  14  per  cent. 


UTILIZATION  OF  WHEAT  IN  THE  UNITED  STATES 
Utilization  as  Human  Food 

The  total  utilization  of  wheat,  including  food,  seed,  feed,  and  industrial 
use  has  increased  slightly  during  the  past  half  century  from  about  575 
million  bushels  to  625  million  bushels.  During  this  period,  the  popula¬ 
tion  of  the  United  States  increased  nearly  80  million,  or  approximately  86 
per  cent  I  he  per  capita  consumption  of  wheat  in  the  United  States  has 
declined  steadily  from  4.1  bushels  in  1930  to  2.7  bushels  in  1957 
The  total  quantity  of  wheat  flour  used  for  bread  and  pastn  production 
by  the  baking  industry  in  1954  was  10,379  million  lbs  ,  of  which  1  7»3 
million  lbs.  was  used  to  produce  biscuits,  crackers,  and  pretzels  Total 
flour  production  in  1954  was  22,140  million  lbs.,  including  829  million 
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Table  5 


QUANTITY  OF  WHEAT  USED  IN  BREAKFAST  FOODS,  UNITED  STATES,  1935-57 


Calendar  Year 

Quantity1 

1935 

1 ,000  Bushels 

8,219 

1936 

8,866 

1937 

9,226 

1938 

9,261 

1939 

9,381 

1940 

9,154 

1941 

9,265 

1942 

9,360 

1943 

9,491 

1944 

9,339 

1945 

9,439 

1946 

9,545 

1947 

9,828 

1948 

9,811 

1949 

9,793 

1950 

9,776 

1951 

9,758 

1952 

9,741 

1953 

9,723 

19542 

9,705 

19552 

9,688 

19562 

9,671 

19572 

9,652 

1  Includes  flour  in  wheat  equivalent. 

2  Subject  to  revision  based  on  next  Census  of  Manufactures. 


lbs.  of  durum  wheat  flour.  Durum  wheat  is  used  almost  exclusively  for 
the  production  of  macaroni  type  products.  Statistics  on  macaroni  pro¬ 
duction  show  that  per  capita  consumption  has  increased  from  5.1  lbs.  to 
6.6  lbs.  during  the  past  twenty  years.  Cereal  preparations,  comprising 
a  variety  of  products  such  as  breakfast  foods,  both  those  to  be  cooked 
and  those  ready  to  serve,  coffee  substitutes,  cereal  baby  foods,  etc. 
totaled  1,605,744  lbs.  (This  total  includes  cereal  breakfast  foods  made 
from  corn,  oats,  and  other  grains  in  addition  to  wheat.)  The  quantity  of 
wheat  used  in  breakfast  foods  is  shown  in  Table  5. 


Feed  and  Industrial  Uses 

Traditionally,  wheat  has  been  considered  a  good  livestock  and  poultr\ 
feed.  It  compares  favorably  with  corn  in  feed  value  and  is  superior  to 
barley.  However,  since  the  government  subsidy  programs  starte  in 
1947 '  use  of  wheat  for  feed  has  declined  steadly.  Except  or  wheats 
unsuitable  for  milling  purposes,  it  generally  is  not  economically  teasib  e 
to  use  wheat  for  feed.  In  the  northeastern  and  south  eastern  states 
some  wheat  is  consumed  as  feed  on  farms  and  there  is  some  use  o 
wheat  in  commercially  mixed  feeds,  but  generally  the  high  price  supp 
program  restricts  wheat  usage  for  feed  purposes. 
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Industrial  uses  of  wheat  amount  to  more  than  1.7  million  hundre 
weight  of  flour  for  the  manufacture  of  industrial  alcohol,  gluten,  mono¬ 
sodium  glutamate,  starch,  pastes,  and  core  binder.  Some  wheat  is  also 
malted.  Wheat  malt  is  used  chiefly  to  enhance,  the  diastatic  activity  of 
wheat  flour.  Its  price,  which  is  higher  than  that  of  barley  malt,  has  lim¬ 
ited  its  use  by  the  brewing  and  distilling  industries.  Usually  clears  and 
low-grade  flours  are  used  in  the  manufacture  of  wheat  starch,  monoso¬ 
dium  glutamate,  gluten,  and  for  pastes  in  the  manufacture  of  plywood  ad¬ 
hesives,  book  binding,  and  paper  hanging.  Wheat  products  have  been 
used  to  a  small  extent  in  foundries  as  a  core  binder  in  making  molds  for 
castings. 

IMPORTANCE  OF  WHEAT  TO  THE  ECONOMY  OF  THE  UNITED  STATES 

The  great  adaptability  of  wheat  to  varying  climates  and  soils  is  evi¬ 
dent  from  the  fact  that  wheat  is  grown  in  sufficient  quantities  to  be  re¬ 
ported  in  Agricultural  Statistics  (Anon.  1957),  in  41  of  the  48  states  of 
the  Union.  Only  in  the  New  England  states  is  wheat  not  an  important 
farm  crop. 


Table  6 

WHEAT  MARKETING  STATISTICS 


Cash  Marketing  by  Price  per  Cash  Value  to 

Farmers  in  U.  S.1  Bushel2  Farmers  in  U.  S. 


1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 


$1,187,878,000 

$2 

.29 

1,120,370,000 

1 

.98 

949,842,000 

1 

.88 

876,808,000 

2 

.00 

852,665,000 

2 

.11 

1,170,300,000 

2 

.09 

1 ,052,278,000 

2 

.04 

884,208,000 

2 

.12 

842,038,000 

1 

.99 

914,250,000 

1 

.97 

1  u.  s 

2  u.  s 


.  Dept.  Agr.,  Agr.  Marketing  Service,  The  Wheat  Situation,  June  1957. 

.  Dept.  Agr.,  Agr.  Marketing  Service,  The  Wheat  Situation,  February  1958. 


82,720,240,620 

2,218,332,600 

1 .785.702.960 
1 ,753,616,000 
1 ,799,123,150 
2,445,927,000 
2,146,647,120 

1 .874.520.960 
1 ,675,655,620 
1 ,801,072,500 


In  1957,  even  with  the  efforts  being  made  to  restrict  production,  947 
million  bushels  of  wheat  were  produced  in  the  United  States  on  43,664, 
000  harvested  acres  and  the  1958  crop  estimate  is  nearly  1.5  billion  lnish- 
e  s  Normally,  the  principal  wheat  producing  states  are  Kansas,  North 
Dakota,  Montana,  Oklahoma,  Nebraska,  and  Washington. 

Although  there  can  be  considerable  variation  from  year  to  year  at 

u  thec  Unite<1  States  are  estimi>tol  to’be 
j  ’  '  ’  ’  C  b,ushels  dlstnbuted  as  follows:  on  farms,  291,629  000  bush 
els;  at  terminal  markets.  360,662,000  bushels;  held  by  commodity  cred it 
corporations,  72,516.000  bushels;  held  by  flour  mills  lor  pTe^g  ^ 
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586,000  bushels.  Out  of  this  stock,  it  is  estimated  that  50,000,000  bushels 
will  be  used  for  seed,  550,000,000  bushels  milled  into  flour,  and  roughly 
300,000,000  bushels  exported. 

The  importance  of  the  wheat  industry  to  the  United  States’  economy 
is  evident.  The  sale  of  wheat  is  an  important  source  of  farm  income 
(Table  6). 

Transporting,  handling,  financing,  and  storage  of  wheat  involve  the 
cross  section  of  the  United  States’  business  activities.  In  addition,  the 
processing  of  wheat  represents  a  tremendous  industry.  In  fact,  wheat  is 
a  world  symbol  for  food  and  provides  economic  and  political  stability 
for  millions  of  people.  Of  all  cereal  grains,  wheat  is  the  one  that  enters 
most  into  international  trade. 

COMPOSITION  OF  WHEAT 

The  composition  of  wheat  varies  greatly  from  area  to  area  and  from 
year  to  year  within  a  given  area.  The  possible  range  of  variability  of 
composition  of  wheat  in  the  United  States  in  a  crop  year  is  indicated  in 
Table  7. 


Table  7 

Approximate  Composition  of  Wheat 

Composition  Range 


Determination 


Protein  (NX  5.7) 
Mineral  matter  (ash) 
Lipids  (fat) 

Starch 

Cellulose  (fiber) 
Moisture 


Low 


High 


Per  cent 
7.0 

1.5 

1.5 
60.0 
2.0 
8.0 


Per  cent 
18.0 
2.0 
2.0 
68.0 

2.5 
18.0 


Hard  red  spring  or  winter  wheat  usually  has  a  piotein  content  of 
least  twelve  per  cent.  Soft  red  or  white  wheats  for  cake  and  cook  e 
flour  manufacturing  are  weak  and  possess  piotein  contents  loin  < 
per  cent.  Wheats  that  are  between  the  bread  and  pastry  types  aie  usee 

for  cracker,  doughnut,  and  all-purpose  flours.  ....  .  , 

In  addition  to  the  approximate  composition  of  wheat  which  includes 
only  the  broad  chemical  constituents,  a  vast  amount  of  anah  tical  da  . 
has  been  assembled  on  the  amino  acid  content  of  the  wheat  pioteins 
composition  of  the  mineral  matter,  enzyme  components,  vitamin  content 
and  the  properties  of  the  starch  and  other  carbohydrate  mater  al.  Bailey 
(1944)  has  presented  the  significant  facts  and  data  rela  n  g 
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stances  present  in  wheat.  More  recent  information  on  this  subject  has 
been  covered  by  Jacobs  (1951). 

QUALITY  TESTS 

Physical  Tests  Applied  to  Wheat 

Miller  and  Johnson  (1954)  have  reviewed  tests  used  for  the  evaluation 
of  wheat  quality.  They  list  the  following  physical  tests  which  are  com¬ 
monly  applied  to  wheat: 

1.  Federal  grade,  which  includes  test  weight. 

2.  Kernel  hardness. 

3.  Gluten  washing. 

4.  Internal  infestation. 

5.  The  milling  test. 

Methods  for  performing  these  physical  tests  are  included  in  the  hand 
book  of  the  Official  Grain  Standards  of  the  United  States  (Anon.  1957B) 
and  Cereal  Laboratory  Methods  (Anon.  1957A). 


Table  8 


STANDARDS 

FOR  WHEAT 

Maximum  Limits  of 

Damaged  Kernels 

Minimum 
Test  Weight 
Grade  Per  Bushel 

Total 

Heat 

Damaged 

Kernels 

Foreign 

Materials 

Wheat  of 
Other  Glasses1 

Lbs. 

1  60 

2  58 

3  56 

4  54 

_  5  51 

Sample  grade 

Per  cent 

2 

4 

7 

10 

15 

Per  cent 
0.1 

0.2 

0.5 

1  .0 

3.0 

Per  cent 
0.5 

1  .0 

2.0 

3.0 

5.0 

Per  cent 

5 

5 

10 

10 

10 

.ure,  or  stones,  orTrnZyT^rXI^  orttiecUonT  ”«  than 

so  much  smut  that  a  standard  grade  does  not  apply.  °bject,onal  odors  except  smut  or  garlic 

1  Limitations  are  put  on  the  amounts  of  other  classes  of  wheat  that  are  present. 

16  per  cent  mois- 
or  which  contains 

,  ractors  are  summarized  in  «  n 

grade  is  the  first  step  in  the  appraisal  of  wheat  qullfty 
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mint  consideration  in  marketing  and  handling  wheat.  Moisture  and  pro¬ 
tein  content  information  usually  are  considered  along  with  the  grade 
and  also  the  extent  of  infestation,  especially  when  wheat  is  evaluated  for 
processing. 

Milling  quality  is  a  broad  term  used  to  embody  the  many  factors  that 
affect  the  milling  process.  Among  them  are  the  response  of  the  wheat 
to  conditioning,  the  millability  or  reduction  of  stocks,  and  the  flour  yield. 
Many  attempts  have  been  made  to  standardize  and  evaluate  experimental 
milling  procedures  but  progress  has  been  slow.  Hard,  soft,  and  durum 
wheats  respond  in  vastly  different  ways  to  milling  operations. 

The  gluten  washing  test  is  a  physical  determination  of  quality  once  ap¬ 
plied  generally  to  wheat  in  the  United  States,  but  now  replaced  almost 
entirely  by  the  protein  test.  The  gluten  test  is,  however,  in  use  in  many 
places  in  the  world.  Essentially  the  test  involves  removing  starch  from  a 
flour-water  dough  and  collecting  a  cohesive  mass  of  gluten  which  can  be 
evaluated  both  as  to  quantity  and  quality.  Weaknesses  of  the  gluten 
test  are  the  lack  of  reproducibility  and  the  differences  in  interpretation 

of  gluten  quality. 


Chemical  Tests  Applied  to  Wheat 

Moisture,  ash,  and  protein  tests  are  the  most  widely  used  tests  per¬ 
formed  on  wheat.  The  Kjeldahl  protein  test  normally  is  made  on  all 
hard  wheat  reaching  terminal  markets  but  it  is  not  an  official  part  of  the 
U  S  Grain  Standards.  This  test  provides  supplementary  information  to 
that  given  on  the  grade  certificate.  To  report  protein  content  on  a  uni¬ 
form  moisture  basis,  the  moisture  test  is  necessary.  Miller  and  Johnson 
(1954)  state  that  moisture  is  related  to  quality  of  wheat  and  flour  in  at 
least  three  ways,  namely:  ( 1 )  Hour  yield  varies  inversely  with  moisture 
content;  (2)  composition  percentages  are  inversely  related  to  peicent- 
ages  of  moisture  present;  and  (3)  deterioration  of  gram  during  stmagc 
may  depend  on  the  moisture  relationships  in  the  wheat  kernel. 

The  ash  test  is  significant  as  a  way  to  determine  flour  grade.  Since  the 
ash  content  of  bran  is  about  20  times  that  of  endospenn 
dicates  the  thoroughness  of  the  separation  of  bran  and  germ  from  me 
kernel  endosperm.  There  is  considerable  variation  m  the  . amount  o  - 

-1  -«er  in  wheat.  *>  Hour, 

grown;  therefore,  the  as  _  ,.  k  test  are  also  used  to  judge 

-rimng-Uts  oT flour  fade  and  recently  photoelectric  methods  ( Kent- 

jones  and  Martin  1950)  for  assessing  flour  col“ h’"  bash;  of  the 
'  -tempts  have  been  quahty  on  the  ^ 

amino  acid  composition  of  wheat  giuici 
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composition  of  wheat  is  a  long,  tedious,  and  expensive  procedure,  and  re¬ 
cent  work  (Pence  et  al.  1950)  has  failed  to  show  essential  differences  in 
the  amino  acid  content  of  17  flours  milled  from  different  varieties  and 
types  of  wheat. 

Physical-Chemical  Tests 

A  large  number  of  tests  based  on  the  imbibitional  properties  of  the 
wheat  proteins  have  been  developed  and  used.  Berliner  and  Koopman 
( 1929)  evolved  a  method  to  measure  the  swelling  power  of  gluten.  Gort- 
ner  (1924)  and  his  co-workers  did  much  to  develop  and  popularize  the 
use  of  the  viscosity  test  as  a  measure  of  flour  quality.  Zeleny  (1947) 
presented  a  simple  sedimentation  test  which  has  been  proposed  as  a 
method  to  estimate  the  baking  quality  of  wheat.  The  method  consists 
essentially  of  suspending  flour  particles  in  a  graduated  cylinder  containing 
dilute  lactic  acid.  The  rate  of  sedimentation  is  a  measure  of  the  hydra¬ 
tion  capacity  of  the  flour  proteins  and  is  an  index  of  quality.  The  sedi¬ 
mentation  test  applied  to  approximately  360  cargos  of  wheat  in  world 
commerce  by  Shellenberger  (1958)  showed  a  correlation  of  0.726  be¬ 
tween  sedimentation  values  and  the  over-all  quality  score  of  the  wheats. 
This  was  a  significantly  higher  correlation  than  that  between  protein  con¬ 
tent  and  quality  score. 

Many  investigators  have  attempted  to  use  the  heats  of  hydration  of 
wheat  flour  as  an  index  of  quality.  The  method  thus  far  has  not  proved 
practical  since  the  differences  in  the  values  between  flours  of  known 
different  properties  are  slight.  Peptization  and  gluten  fractionation  meth¬ 
ods  as  a  means  for  measuring  gluten  quality  also  have  not  proved  useful. 

Gas  production  and  gas  retention  measurements  in  dough  have  been 
developed  to  measure  automatically  gas  production  and  gas  retention 

tant  determination. ^ata  ^  ^  re'ati°n  f°  qUa'ity  form  a"  » 

Varietal  Differences  in  Gluten  Quality 

Many  techniques  have  been  developed  to  separate  gluten  from  the 
other  constituents  of  wheat  flour.  The  washing-out  process  can  be  done 
y  and  or  mechanically.  A  quantitative  test  consists  merely  of  weigh 
mg  the  gluten  either  wet  or  after  being  dried  but  the  .  t  , 

ten  quality  is  a  more  difficult  matter.  ”  ’  estimation  of  glu- 

The  measurement  of  gluten  quality  has  been  based  „„  f„ 
principles,  namely:  expansion  by  heat  recovery  fin  ■  ^ene,a 

appraising  quality  ,h?° 

'Although  there  is  agreement'  that 
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the  gluten  component  of  flour,  most  cereal  chemists  in  the  United  States 
prefer  to  study  the  properties  of  doughs  rather  than  face  the  problem  of 
separating  gluten  and  attempting  to  appraise  quality  by  this  means.  Re¬ 
gardless  of  the  methods  used,  differences  in  gluten  properties  between 
classes  and  varieties  of  wheat  are  obvious. 

The  meaning  of  quantity  of  protein  in  wheat  or  flour  is  readily  under¬ 
stood  since  determining  protein  is  a  standardized  procedure.  The  mean¬ 
ing  of  gluten  quality  is  not  parallel  because  quality  is  fixed  by  the  char¬ 
acteristics  inherent  in  the  wheat  kernel  and  by  the  purposes  for  which 
the  flour  is  to  be  used.  There  are  three  well  defined  gluten  ranges: 
strong  hard  wheat  gluten,  weak  soft  wheat  gluten,  and  durum  type  glu¬ 
ten,  the  last  being  poor  for  bread  dough  but  ideal  for  macaroni  products. 

Varieties  within  the  classes  of  hard  red  spring,  hard  red  winter,  01  hard 
white  wheat  can  possess  wide  differences  in  gluten  quality.  To  be  of  top 
quality,  a  variety  of  hard  wheat  should  possess  a  high  dough  absorption, 
have  wide  mixing  and  fermentation  tolerance,  and  be  capable  of  produc¬ 
ing  bread  of  good  volume,  grain,  and  texture.  Some  wheat  varieties  pos¬ 
sess  these  necessary  attributes  to  a  high  degree  while  others  do  not.  The 
selection  of  satisfactory  wheat  for  specific  purposes  depends  upon  the  de¬ 
termination  of  this  gluten  quality. 


Quality  Tests  for  Milling  Wheat 

Wheat  is  marketed  on  the  basis  of  the  Federal  Grade.  The  dominant 
factor  affecting  grade,  after  the  class  has  been  established,  is  test  weig  it 
If  wheat  is  designated  as  “tough,”  it  means  that  it  has  a  moisture  content 
between  14  and  15.5  per  cent,  if  it  is  soft  wheat,  and  between  145  am 
16  per  cent  if  it  is  hard  wheat.  In  addition  to  test  weight,  determining 
made  is  ba  ed  on  the  extent  of  damaged  kernels  and  the  amount  o  or- 
eign  material  and  wheats  of  other  classes.  All  of  these  factors  constdute 
an  effective  means  to  describe  wheat  for  marketing  purposes,  io  . 
a  great  deal  more  about  wheat  needs  to  be  known  when  it  is  Purchased 

"gmdeTf  1  whe* freedom  from  foreign  materials  and 
the  probable  cleaning  loss  involved  in [^ZoTLZeZ  Zn 

—  fOT 

£2*  fe-- 

for  the  evaluation  of  wheat  for  processing ;  pm pos  1  Neverthe- 

the  best  single  test  that  can  be  apphed  to  estimate  ^  ^  ^  ^ 

^Z“Zel!Te  5;^  of  a  complex  biochemi- 
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cal  system  like  the  one  in  a  wheat  kernel.  Yet,  the  correlation  between 
protein  content  and  quality  is  high.  Low  protein  content  in  wheat  mdi- 
cates  quality  for  cake  and  pastry  flour,  while  high  protein  points  to  brea 

flour  use.  ,  A. 

The  moisture  determination  is  useful  in  considering  storage  and  con  1- 

tioning  requirements.  The  ash  determination  need  not  necessarily  be  con¬ 
sidered  a  part  of  the  essential  quality  information.  If  wheat  is  purchased 
from  an  area  where  the  mineral  content  in  the  kernel  is  unusually  high, 
then  it  is  advisable  to  have  a  record  of  the  wheat  ash. 


To  obtain  a  satisfactory  insight  into  wheat  quality,  it  is  necessary  to 
mill  the  wheat  and  subject  the  flour  obtained  to  tests  not  only  of  protein 
quality  but  also  of  baking  strength.  The  Brabender  (1932)  farinograph 
is  one  of  the  most  commonly  used  instruments  to  measure  absorption  and 


physical  dough  properties  of  wheats.  This  instrument  measures  the  plas¬ 
ticity  and  mobility  of  dough  when  subjected  to  mixing  at  a  constant 


temperature.  Although  the  farinograph  is  useful  to  estimate  absorption 
and  dough  development  properties  of  both  hard  and  soft  wheat  flour,  it 
has  greater  utility  for  hard  wheat.  The  viscosity  test  (Bayfield  1934)  is 
used  extensively  to  appraise  soft  wheat  quality. 

Wheats  destined  for  milling  purposes  are  often  subjected  to  indirect 
measurements  for  amylase  activity  by  means  of  gas  production  or  use  of 
the  amylograph.  (Anon.  1957A).  Most  hard  wheat  flours  require  the 
adjustment  of  the  amylase  level,  but  wheats  unusually  high  or  low  in 
amylase  activity  require  special  consideration  for  use  in  mill  blends. 

In  North  America  it  is  common  for  the  milling  industry  to  have  an  ac¬ 
curate  estimation  of  the  baking  quality  of  the  wheats  used  to  make  up 
the  mix.  Standard  type  tests  have  been  developed  to  help  appraise  qual¬ 
ity  of  bread,  cakes,  and  pastry  products.  The  experimental  bread  baking 
test  has  reached  a  high  state  of  acceptance  as  a  measure  of  wheat  quality. 
The  real  appraisal  of  wheat  quality  is  based  on  its  use. 
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Corn 


INTRODUCTION 


Origin 

Com  (Z ea  mays  L. )  or  maize  originated  in  the  Western  hemisphere. 
It  was  the  only  cereal  systematically  cultivated  by  the  American  Indian 
although  some  other  grains  were  harvested  from  the  wild  state.  Colum¬ 
bus  found  corn  being  cultivated  on  Haiti,  where  it  was  called  mahiz. 
From  this  Arawak  Indian  word  was  derived  the  name  maize  that  is  used 
in  Europe  to  distinguish  the  cereal  from  other  grains  which  are  called 
“com”  (Hunt  1915). 

The  origins  of  corn  are  lost  in  antiquity,  but  the  earliest  samples  which 
have  been  identified  were  by  their  nature  incapable  of  independent  ex¬ 
istence.  Many  thousands  of  years  of  crude  selection  must  have  been  ex¬ 
ercised  to  bring  the  plant  to  this  point  from  its  native  wild  form. 

The  tribe  Tripsaceae  to  which  corn  belongs  differs  quite  widely  from 
the  tribe  Hordeae,  to  which  the  other  common  cereal  grains  wheat,  rye, 
and  barley  belong.  In  the  same  tribe  with  corn  are  teosinte  ( Euchlacna 
mexicana  Schrad. ),  a  subtropical  plant  regarded  by  some  as  the  ancestor 
of  corn,  gama  grass  ( Tripsacum  dactyloides  L.),  and  adlay  or  Jobs  tears 
( Coix  lacryma-Jobi ) . 

Corn  can  be  readily  crossed  with  teosinte  and  some  of  the  hybrids  are 
even  fairly  fertile,  indicating  the  close  relationship  of  these  two  plants. 
However,  some  botanists  consider  Z ea  to  be  the  older  of  the  two  geneia, 
teosinte  having  arisen  (according  to  their  views)  from  a  relatively  recent 
cross  of  corn  with  gama  grass.  This  theory  is  well  supported  by  genetic 
evidence.  Still  other  authorities  ( Weatherwax  1954)  favor  the  hypothesis 
that  corn,  teosinte,  and  tripsacum  evolved  from  a  single  ancestral  stock  by 
ordinary  divergent  evolution.  The  various  hypotheses  of  the  origin  of 
corn  are  well  summarized  by  Wallace  and  Brown  ( 1956). 


Distribution  of  Production 

More  corn  is  produced  in  the  United  States  than  in  all  of  the  rest  of  the 
world  combined  Russia  excepted.  The  latter  country  has  beer .  empha¬ 
sizing  maize  production  in  recent  years,  expend, ng  much  effort  or grow¬ 
ing  this  grain  in  various  unsuitable  locales-apparently  for  .deolog.cal  rea 
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I"  ic>.  10.  Euchlaena  mexicana 
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Courtesy  of  U.S.  Dept.  Agr. 


Fig.  11.  Zea  mays 


sons.  The  figures  on  Russian  production  are  rather  unsatisfactory  foi 
several  reasons,  and  are  not  included  in  world  estimates.  In  1957  the 
world  total  was  6.6  billion  bushels  and  the  United  States  total  was  3.4 
billion  bushels.  Recently,  the  United  States  production  has  decreased  due 
to  marketing  restrictions,  but  world  production  has  been  climbing  steadily 
for  many  years. 

Iowa  and  Illinois  vie  for  top  honors  in  annual  corn  yields.  No  other 
state  produces  half  as  much  as  either  of  them.  All  states  report  some  corn 
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Fig.  12.  World  Corn  Production 
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Courtesy  of  U. S.  Dept.  Commerce 

Fig.  13.  Corn  Harvested  for  Grain  in  the  United  States 
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grown,  although  Maine,  New  Hampshire,  Rhode  Island,  Nevada,  and 
Alaska  produce  less  than  a  million  bushels  annually  of  corn  grown  for  all 
purposes. 


FACTORS  AFFECTING  YIELD  AND  QUALITY 

9 

Soils  and  Climate 

Corn  can  be  grown  in  a  wide  variety  of  climates  and  on  veiy  diveise 
kinds  of  soils  as  indicated  by  the  geographical  distribution  of  its  produc¬ 
tion.  However,  it  requires  deep,  dark,  silt  loam,  good  drainage,  abundant 
moisture,  and  moderately  high  temperatures  for  maximum  yields. 

Sandy  soils  are  less  suitable  for  production  of  corn  because  they  do  not 
retain  moisture  for  a  sufficient  length  of  time.  In  addition  sandy  soils 
often  contain  low  concentrations  of  essential  nutrients.  The  latter  condi¬ 
tion  can,  of  course,  be  corrected  temporarily  by  fertilization,  but  excessive 
leaching  of  the  fertilizer  by  rainfall  may  make  this  practice  uneconomica  . 
Clay  soils  also  give  relatively  low  yields  because  they  are  liable  to  be  too 
compact  to  allow  maximum  root  proliferation  and  may  have  madequ.it 

drBatese(1955)  showed  that  the  mean  maximum  temperature  the  mean 
relative  humidity  and  the  evaporation  in  June  (the  month  in  winch  corn  rs 
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usually  pollinated  in  the  region  where  Bates  conducted  the  experiments 
reported  by  him)  were  very  closely  correlated  with  corn  yields.  Each 
of  these  three  factors  was  more  closely  correlated  with  corn  yields  than 
was  rainfall  at  any  period  of  the  year.  The  number  of  rains  in  June 
showed  a  higher  correlation  with  yield  than  did  any  other  rainfall  factor. 
The  rather  indirect  relationship  of  rainfall  in  any  short  period  to  yield  may 
be  partially  explained  by  data  of  Russell  and  Danielson  (1956),  who 
showed  that  corn  utilized  water  to  a  depth  of  five  feet  or  more  in  a  deep 
Brunizem  soil  in  Illinois,  while  rainfall  and  irrigation  affected  the  soil 
moisture  profile  to  a  depth  of  only  two  feet  on  both  corn  and  fallow  plots. 
Letey  and  Peters  (1957)  showed  that  corn  yields  were  closely  related  to 
the  reserve  soil  moisture  conditions  at  the  beginning  of  the  growing  season 
and  to  the  soil  moisture  stress  to  which  the  plant  was  subjected  during  the 
growing  season.  The  moisture  stress  effect  on  growth  was  found  to  be 
closely  related  to  the  seasonal  weather.  The  efficiency  of  water  use  was 
found  to  be  strongly  conditioned  by  soil  temperature. 

Gingrich  and  Russell  (1956)  found  that  both  the  soil  moisture  tension 
and  the  oxygen  concentration  of  the  root  atmosphere  had  important  effects 
on  growth. 

W  illis  et  al.  ( 1957)  grew  corn  seedlings  in  temperature  controlled  green¬ 
houses  and  in  field  plots  where  the  temperature  was  adjusted  by  under¬ 
ground  heating  cables.  In  the  average  soil  temperature  range  tested,  60° 
to  80  F.,  the  rate  of  corn  growth  seemed  to  be  approximately  in  accord¬ 
ance  with  the  Van  t  Hoff  law,  the  Qu>  of  the  law  being  from  2.0  to  2.8. 
The  most  favorable  soil  temperature  at  the  four-inch  depth  for  corn  grown 
in  central  Iowa  appeared  to  be  about  75  F.  The  time  between  silking  and 
maturity  was  reduced  by  increased  soil  temperature. 

Corn  is  grown  in  many  areas  where  the  temperature  and  soil  require¬ 
ments  for  optimum  yield  are  not  found.  Use  of  hybrids  selected  to  fit  the 
limitations  of  the  soil  and  the  climate  where  optimum  conditions  do  not 
exist,  tends  to  reduce,  but  does  not  eliminate,  the  decrease  in  yield  result¬ 
ing  from  these  limitations.  Proper  selection  of  planting  time,  to  take  ad¬ 
vantage  of  a  soil  temperature  of  at  least  60°  F.  is  also  helpful,  but  this 
procedure  has  obvious  limitations. 


Rotation  and  Fertilizer 

Corn  extracts  enormous  quantities  of  nutrients  from  the  soil.  In  fact,  it 
is  the  cereal  crop  most  destructive  to  soil  fertility.  Millar  and  Turk  ( 1951 ) 

1"C!'^e,  *!iat  i‘50~h"slld  Per  acre  com  crop  removed  from  each  acre  of 

14  7  IK  r  °  nitr0gen;  27  6  ">s-  of  phosphorus,  55.2  lbs.  of  potassium 

fertil bat  °f  Ci>  CUlm;.  Tf  5  6  lbs'  °f  magnesium'  For  this  reason,  heavy 
ferhl.zat.on  .s  essent.al  if  corn  is  to  be  grown  several  years  in  succession  on 
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the  same  acreage.  On  the  Morrow  field  plots  of  the  University  of  Illinois 
( h)e  Turk  et  al.  192/),  where  corn  has  been  grown  continuously  since 
1888,  the  yield  has  shown  a  steady  ( though  uneven )  decrease  through  the 
years,  falling  from  an  initial  value  of  about  54  bushels  per  acre  to  about  24 
bushels  per  acre.  When  oats  were  grown  in  alternate  years,  corn  produc¬ 
tion  held  up  slightly  better,  showing  a  decrease  from  about  50  to  about  28 
bushels  per  acre.  A  corn-oats-clover  rotation  gave  much  better  results, 
with  only  a  slight  decline  throughout  the  test  period.  The  corn-oats-clover 
pattern,  together  with  applications  of  manure  and  phosphated  lime  ac¬ 
tually  showed  a  significant  increase  in  yield  during  the  earlier  years  and 
subsequent  maintenance  of  production  at  a  high  level. 

Chen  and  Arny  ( 1941)  studied  yields  of  corn  grown  continuously  for  30 
years  on  plots  at  St.  Paul,  Minnesota.  The  figures  are  somewhat  erratic, 
but  show  that  yields  near  the  end  of  the  study  were  not  much  different 
from  the  earliest  figures  when  the  plots  were  manured  at  the  rate  of  two 
tons  per  acre  per  year. 

Richer  ( 1950 )  analyzed  results  of  fertilizer  applications  on  plots  where 
a  corn,  oats,  wheat,  and  hay  rotation  had  been  maintained  since  1881. 
Some  of  his  conclusions  were:  (1)  lime  alone  does  not  increase  yields; 
(2)  high  yields  can  be  maintained  indefinitely  with  inorganic  commercial 
fertilizers;  (3)  manure  should  be  reinforced  with  superphosphate;  and 
(4)  fertilizers  alone  cannot  compensate  for  the  deficiency  of  an  acid  soil, 
but  the  addition  of  lime  can  increase  the  efficiency  of  fertilizers  on  these 

soils  up  to  300  per  cent  as  measured  by  yield. 

Lang  et  al.  ( 1956)  showed  that  the  protein  content  of  the  kernels  of  corn 
increased  with  increasing  nitrogen  supply  in  the  soil.  The  oil  content  also 
appeared  to  increase  slightly  with  added  fertilizer.  Prince  ( 1954)  shower 
that,  under  the  conditions  used  by  him,  there  was  a  direct  relationship  be¬ 
tween  the  amount  of  nitrogen  applied  to  the  soil  and  the  contents  o  cru  e 
protein,  zein,  and  leucine  in  the  grain.  Increasing  the  rate  of  mtioge 
resulted  in  an  increased  percentage  of  leucine  in  the  grain  and  in  the  crude 
protein.  On  the  other  hand,  increasing  the  plant  stand  decreased  the  tota 
leucine  content.  This  decrease  in  leucine 

ately  as  great  as  the  decrease  in  -de  pro^in.  ^  ^  ^ere  was  not 

““  /sr .u  n 

as  well  as  vanety^as  an  nnportaiU  c^  of  50  „  of  nitro- 

other  hand,  Zuber  etal ^  .„  a  lowering  of  the  protein 


gen  under  certain  cm. . ~  ------  f  the  st0Ver  increas 

content  of  the  grain  although  pi 


eased.  Evi- 
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dently,  conditions  must  be  properly  chosen  if  grain  of  higher  protein  con¬ 
tent  is  to  result  from  applications  of  nitrogenous  fertilizers. 

Population 

It  might  be  expected  that  grain  yield  would  reach  a  peak  and  then  de¬ 
cline  as  the  plant  population  per  unit  area  was  increased.  This  effect  does 
exist,  at  least  under  some  conditions.  Haynes  and  Sayre  (1956)  planted 
corn  in  rows  8-and-one-half  feet  apart  to  reduce  row  competition  to  a  low 
level,  and  then  varied  the  within-row  spacings  of  plants.  There  was  little 
difference  between  total  plant  weights  per  acre  as  the  within-row  spacing 
was  varied  from  1  to  4  inches,  but  the  closer  spacings  increased  the  stover 
to  ear  ratio.  Ear  corn  yield  per  acre  was  greatest  at  a  plant  spacing  of 
about  four  inches.  Center  et  al.  ( 1956)  showed  that  planting  at  16,000  per 
acre  resulted  in  higher  protein  content  of  the  grain  than  did  planting  at 
10,000  plants  per  acre.  Oil  content  of  the  kernels  was  virtually  the  same 
at  both  levels  of  population. 

Duncan  (1958)  found  that  the  log  of  the  average  yield  of  individual 
corn  plants  making  up  a  population  bears  a  linear  relationship  to  the 
population,  at  least  between  about  5,000  and  25,000  plants  per  acre. 
Therefore,  only  two  yield  population  values  are  needed  to  estimate  yields 
at  any  other  population  within  the  linear  range.  He  developed  the  follow¬ 
ing  equation  for  estimating  maximum  yields: 


Y 


O.ou  Vj(rx  -  IV) 


max 


(--£) 


where  yx  represents  the  yields  at  population  P,,  etc. 

Where  phosphorus  and  potassium  were  not  limiting,  Thomas  (1956) 
ound  that  the  average  weight  of  the  ears  of  corn  decreased  as  the  planting 
rate  was  increased,  and  this  trend  could  not  be  reversed  by  the  application 
ot  nitrogenous  fertilizers. 

Weeds  and  Insects 

Weeds  compete  with  the  crop  for  moisture,  nutrients,  and  solar  energy 
rngiis  et  al  (1955)  found  that  weeds  competed  strongly  with  corn  at  all 
rates  o  fertdizer  (N,  P,  or  K)  application,  and  suppressed  growth  and 

yu  <  Of  corn.  They  stated  The  feasibility  of  maintaining  high  corn  yields 

!  *e  1’r.escnce  of  competing  weeds  by  increasing  the  rate  of  fertilization 

affect, "I  (  qUeS*i0ned”  Certain  weed  species  were  much  more  adversely 
affected  by  inadequate  essential  nutrients  than  was  corn.  Thus  in  some 

instances,  corn  with  weeds  yielded  better  when  no  fertilizer  was’  applied. 
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Staniforth  ( 1957 )  found  that  this  did  not  apply  to  mature  yellow  foxtail 
( Setaria  Jutescens  (Weigl))  infestations.  Applications  of  0,  70,  and  140 
lbs.  of  nitrogen  per  acre  resulted  in  reductions  of  14,  10,  and  5  bushels  per 
acre  from  the  yield  in  uninfested  plots.  Corn  yields  were  increased  2  to 
3  times  more  than  the  foxtail  by  fertilizer  applications. 

The  deleterious  effect  of  insects  on  corn  yield  and  quality  can  be  mani¬ 
fested  at  any  stage  in  the  growth  of  the  plant  and  in  mature  ears  of  corn. 
This  subject  is  treated  in  detail  in  a  subsequent  chapter.  Good  discus¬ 
sions  may  also  be  found  in  Wilson  (1955)  and  in  Wallace  and  Bressman 
(1949). 

Varieties 

Hybrids,  which  constitute  the  majority  of  corn  seed  now  used  in  the 
United  States,  vary  considerably  in  their  growth  rate,  resistance  to  disease 
and  insects,  ratio  of  stover  to  ear,  etc.  It  is  evident,  therefore,  that  the 
hybrid  selected  for  seed  will  have  a  considerable  effect  on  the  yield  per 
acre.  Wilson  ( 1955)  gives  an  extensive  discussion  of  these  considerations. 

Growing  conditions  usually  seem  to  have  more  effect  on  the  protein 
content  of  the  kernel  than  does  the  variety.  However,  the  variety  is  more 
important  in  determining  the  oil  content.  Genter  et  ol  (1956)  studied 
nine  hybrids  subjected  to  variations  in  location,  fertilizer,  and  rate  of  plant¬ 
ing.  They  found  that  of  these  variables  only  the  hybrid  had  any  significant 
effect  on  the  oil  contents  of  the  kernels.  In  this  series,  oil  contents  ranged 
between  3.7  and  4.9  per  cent,  with  a  mean  of  4.2. 


BOTANY  OF  CORN 


Classification 

Like  the  other  plants  discussed  in  this  volume,  corn  belongs  in  the  fami  y 
Grtmfneae  Members  ol  this  botanical  group  have  fibrous  root  systems, 
alternate^eaves,  two-ranked  parallel  veins  in  the  ^  f  t 
cylindrical  stems  with  solid  nodes,  and  flowers  in  more  o. 

wb. » - 

st  ri'zt  « — 

principally  in  the  suppression  o  together  forming  an  ear, 

The  genus  Zea  has  the  Palate  *^8™  \ccording  to  the  most 
the  grains  at  maturity  muc  i  exu e  is  included  in  the  genus, 

prevalent  taxonomic  view,  only  one  spe  c  . ,  ./ 
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1-IG.  14.  Types  of  Cohn-Representative  Ears  of  Pop,  Sweet,  Flour,  Flint, 

Dent,  and  Pod  Corn. 


Some  taxonomists  have  been  of  the  opinion  that  several  species,  or  at  least 
subspecies  should  be  included  in  this  genus.  For  example,  Sturtevant 

c  assified  sweet  corn  as  Zea  saccharata,  and  elevated  other  types  to  the 
level  of  species. 

The  major  varieties  of  corn  are  pod  corn,  flint  corn,  dent  corn,  sweet 
corn,  popcorn,  flour  corn,  and  waxy  corn.  All  of  these  types  have  the 
nonnal  2  n  chromosome  number  of  20.  The  characteristics  rendering  the 
vanety  distinguishable  are  usually  endosperm  differences  dependent  upon 
the  operation  of  a  single  gene.  For  example,  the  “sweet”  phenotype  de- 
pends  upon  a  single  recessive  gene.  "  ^ 

Pod  corn  is  presumably  a  primitive  type  from  which  modern  maize  is 
<  erived.  Each  kernel  is  enveloped  by  a  fibrous  husk.  This  character  can 
appear  in  any  of  the  other  corn  types  described  here. 

'  mt  corn  has  very  hard  kernels,  as  the  name  indicates  The  tevti.re  • 
tt0  ^  fck  starch  and  protein  just  under  thTbrnn 

reason.  The  ITT  7^7  ** 

but  presumably  does  not  detract  from  their  milltog  q^lffy  8  0St°Ck’ 
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Dent  corn  comprises  the  largest  corn  crop  in  the  United  States.  The 
crown  of  the  kernels  exhibits  a  pronounced  concavity  at  maturity  due  to 
shrinkage  of  the  endosperm  as  moisture  is  lost. 

Sweet  corn  and  popcorn  will  be  described  in  later  sections  of  this 
chapter. 

Flour  corn  is  grown  in  South  and  Central  America  to  a  considerable 
extent.  The  grains  are  large  and  soft,  and  the  endosperm  is  very  friable. 
These  characteristics  permit  easy  grinding  of  the  grain  into  flour. 

Waxy  corn  does  not  contain  wax  as  such  but  owes  its  texture  to  the 
presence  of  large  amounts  of  the  amylopectin  fraction  of  starch.  It  is  as¬ 
suming  increasing  importance  due  to  the  industrial  uses  which  are  being 
found  for  waxy  starch. 


Description  of  the  Plant  and  Its  Seed 

Z ea  is  a  robust,  erect  annual  grass.  It  may  reach  15  or  more  feet  in 
height,  though  certain  varieties  rarely  exceed  one-and-one-half  feet  at 
maturity.  The  plant  has  broad  leaves  arranged  in  two  vertical  ranks.  The 
inflorescences  are  monoecious.  The  flowers  of  the  staminate  tassel  are 
borne  in  many  spike-like  racemes  which  together  form  large  spreading 
panicles  which  terminate  the  stems.  A  pistillate  inflorescence  is  borne  on 
one  or  more  spikes  of  the  leaves.  There  are  eight  or  more  rows  of  spikelets 
on  a  greatly  thickened  axis  ( cob )  and  the  whole  is  inclosed  in  foliaceous 
bracts  (husks).  Protruding  from  the  tops  of  these  bracts  are  the  styles 
called  silks.  The  styles  are  long  and  slender  and  may  be  fertilized 
throughout  their  length.  Except  in  pod  corn,  the  floral  bracts  on  the  axis 
do  not  envelope  the  kernels.  The  spikelets  are  unisexual.  The  pistillate 
spikelets  occur  in  pairs,  both  members  of  which  may  be  fertile,  or,  us¬ 
ually,  one  member  is  fertile  and  one  is  sterile.  The  glumes  are  broad  and 
rounded  at  the  apex.  Lemma  and  palea  are  present.  Staminate  spikelets 
are  two-flowered  and  are  arranged  in  pairs  on  the  side  of  a  continuous 
rachis,  one  member  of  the  pair  being  sessile  and  one  pedicillate.  The 
glumes  are  membranaceous,  acute,  and  covered  with  short  hairs.  Hyaline 
palea  and  lemma  are  present  (Hayes  et  at.  1934). 

Wolf  et  al.  ( 1952,  1952A,  1952B,  and  1952C )  report  an  intensive  investi¬ 
gation  of  the  structure,  macroscopic  and  microscopic,  of  the  corn  kernel 
In  their  introduction,  these  investigators  say  The  kerne  of  co^  ^a  ™ 
composed  of  a  thin  pericarp  enclosing  a  single  seed.  1  he  pericarp  is  t 
—  ovary  wall  and  comprises  all  of  the  outer  cell  layers  down  to  the 
Tee  coat  Along  its  inner  surface,  it  adheres  closely  to  the  seed  coat 
The  latter  in  turn  encloses  the  germ  and  the  endosperm,  the  three  ormmg 
Ac  seed  This  type  of  single-seeded  fruit,  in  which  the  pencarp  does  no, 
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Table  9 

COMPOSITION  OF  CORN  AND  CORN  PRODUCTS1 


Composition,  Per  cent2 


Product 

Moisture3 

Protein 

Fat 

Total 

Carbohydrate 

Fiber 

Ash 

Sweet  corn,  white  or  yellow: 

Raw 

73.9 

14.2 

4.6 

78.5 

3.1 

2.7 

Cooked 

75.5 

11.0 

2.9 

82.4 

4.5 

3.7 

Canned : 

Solids  and  liquid 

80.5 

10.3 

2.6 

82.6 

4.1 

4.6 

Drained  solids 

75.5 

11.0 

2.9 

82.4 

4.5 

3.7 

Frozen 

78.0 

14.6 

4.1 

78.7 

3.2 

2.7 

Mature 

9.3 

12.7 

8.7 

74.0 

2.6 

2.0 

Popcorn : 

Unpopped 

9.8 

13.2 

5.2 

80.0 

2.3 

1.7 

Popped,  unseasoned 

4.0 

13.2 

5.2 

79.9 

2.3 

1  .7 

Field  corn: 

Flint 

11.5 

111 

4.9 

81  .6 

2.2 

1.7 

Dent 

13.0 

10.2 

4.6 

81.3 

2.3 

1.5 

Corn  cobs 

9.6 

2.5 

0.4 

59.7 

35.5 

1 .8 

1  Watt  and  Merrill  (1950). 
5  Mcisture-free  basis. 

3  As  is  basis. 


open  on  drying  to  liberate  the  seed,  is  characteristic  of  the  cereal  grains. 
It  is  known  as  a  caryopsis.” 

Gross  appearance  of  the  corn  kernel  shows  a  division  into  the  three 
parts  indicated  by  a  diagram  in  the  chapter  on  Wet-Milling.  These  are 
the  thin  outer  bran  coat,  the  germ,  and  the  endosperm.  Chemically,  the 
bian  coat  is  characterized  by  a  high  percentage  of  fiber,  the  germ  by  a 
high  oil  content,  and  the  endosperm  by  a  high  percentage  of  starch. 

The  germ,  which  in  hybrid  dent  corn  constitutes  about  12  per  cent  by 
weight  of  the  kernel,  contains  35  per  cent  oil.  The  endosperm,  82  per  cent 
of  an  average  kernel,  contains  12  per  cent  protein  and  85  per  cent  starch 
and  other  carbohydrates  except  fiber.  The  bran,  when  separated  by 
methods  of  high  efficiency,  is  found  to  represent  about  6  per  cent  of  the 
gram,  and  to  contain  2  per  cent  oil,  7  per  cent  protein,  73  per  cent  starch 
and  other  extractable  carbohydrates,  and  16  per  cent  fiber 

Although  the  three  major  fractions  of  the  grain  appear  on  casual  ex- 
aminahon  to  be  rather  cleanly  divided,  they  are  not  easily  separated  in 
processing.  For  example,  if  degerming  and  oil  recovery'  were  100  per 
cent  efficient,  about  2.3  lbs.  of  oil  would  be  recovered  from  the  embryos 
O  itamed  from  a  bushel  of  corn.  In  practice,  only  about  70  per  cent  of  this 
amount  can  be  recovered  in  wet  milling  and  only  about  28  per  cent  from 
mi  mg.  This  low  rate  of  efficiency  is  said  to  result  from  the  presence 

5a“‘ng  ^  !>etWeen  the  emlosPerm  and  the  germ  (Wolf  etal 
1958)  winch  prevents  the  easy  separation  of  the  two  components 
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Average 
Range 
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Average 
Range 

Tip  cap  portii 
Average 
Range 

1  Earle  et  al.  (1946). 

2  Field  corn,  including  flint,  dent,  and  flour  types. 
N  X  6.25. 
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QUALITY  OF  CORN 


Standards 

The  market  quality  of  field  corn  is  established  by  referring  to  standards 
published  by  the  Department  of  Agriculture  (Anon.  1957).  According  to 
these  standards,  corn  is  any  grain  consisting  of  50  per  cent  or  more  of 
shelled  corn  of  the  dent  or  flint  varieties  containing  not  more  than  ten  per 
cent  of  other  grains  for  which  standards  have  been  established  under  the 
provisions  of  the  United  States  Grain  Standards  Act. 

Color  of  the  grain  furnishes  the  basis  for  three  fundamental  market 
classes  for  corn.  Yellow  corn  includes  all  varieties  of  yellow  and  may  not 
include  more  than  five  per  cent  by  weight  of  kernels  of  other  colors.  A 
slight  tinge  of  red  on  kernels  which  are  predominantly  yellow  shall  not 
affect  their  classification  as  yellow  corn.  White  corn  must  contain  at  least 
98  per  cent  by  weight  of  white  kernels.  Grains  showing  slight  tinges  of 
light  straw  color  or  of  pink  shall  be  graded  white.  Mixed  corn  includes 
lots  of  corn  not  falling  into  the  classes  of  white  or  yellow. 


Table  11 

STANDARDS  FOR  YELLOW  CORN,  WHITE  CORN,  AND  MIXED  CORN1 


Grade 

Minimum 
Test  Weight 
Per  Bushel 

Maximum  Limits 

Moisture 

Cracked 
Corn2  or 
Foreign 
Material 

Damaged  Kernels 

Total 

Heat 

Damaged 

Lbs. 

Per  cent 

1 

54 

14.0 

2 

3 

0.1 

2 

53 

14.5 

3 

5 

0.2 

3 

51 

17.5 

4 

7 

0.5 

4 

48 

20.0 

5 

10 

1  .0 

5 

44 

23.0 

7 

15 

3  0 

Sample  grade 

— 

— 

•  U  l  tea  re(tmrfmen«  Ot  grades  1  to  5,  or  contains  stones  or  cinders  has  a 

musty  or  sour  odor,  is  heating  or  hot,  or  is  of  distinctly  low  quality.  ’ 

1  Anon.  (1957) 

2  Kernels  and  pieces  of  corn  passing  through  a  Nc.  12  sieve. 

These  three  basic  classes  are  further  qualified  as  Flint,  if  95  per  cent  or 
more  of  the  kernels  (by  weight)  are  of  the  flint  varieties.  If  it  meets  this 
requirement,  the  grain  would  be  classed  as  Yellow  Flint  Corn,  White  Flint 
Corn,  or  Mixed  Flint  Corn,  as  appropriate.  “Flint  and  Dent  Corn”  is  a 
mixture  of  the  flint  and  dent  varieties  which  includes  from  5  to  95  per  cent 
Hint.  Dent  corn  requires  no  modifying  adjective  signifying  the  variety. 

Each  named  category  must  also  be  classified  into  one  of  five  numerical 
grades  or  into  sample  grade  according  to  the  criteria  listed  in  Table  11. 
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Inspection 

It  is  clear  that  many  of  the  tests  required  in  the  Standards  (e.g.,  those 
for  color )  can  only  be  applied  by  visual  inspection.  Their  performance 
requires  the  services  of  qualified  inspectors,  and,  in  case  of  litigation  based 
on  a  difference  of  opinion  (such  litigation  is  rather  rare)  the  final  decision 
must  of  necessity  be  based  upon  a  weighing  of  the  evidence  of  two  or 
more  experts.  Tests  of  this  sort  are  clearly  less  satisfactory  from  a  theo¬ 
retical  standpoint  than  objective  criteria,  but  they  seem  to  function  well  in 
practice,  perhaps  because  the  producer-vendor  is  generally  disinclined  to 
employ  an  expert  of  his  own. 

When  grading  a  lot  of  shelled  corn,  a  trier  or  probe  is  used  to  draw 
a  fair  average  sample.  If  it  is  noticed  that  the  interior  of  the  grain  mass  is 
appreciably  warmer  than  the  surroundings,  the  grain  is  said  to  be  “heat¬ 
ing”  and  the  whole  batch  is  graded  “Sample  Grade.”  Grain  removed  by 
the  probe  is  examined  carefully  for  insects.  If  insects  (or  their  larvae) 
destructive  to  grain  are  found,  the  word  “Weevilly”  is  added  to  the  grain 
grade.  Accidental  contamination  with  insects  of  other  types  (e.g.,  ants) 
may  be  ignored.  The  odor  of  the  sample  is  noted.  If  it  smells  musty  or 
sour,  indicating  extensive  microbiological  activity,  it  is  graded  “Sample 
Grade.”  The  same  rating  may  be  assessed  if  it  smells  noticeably  of  in¬ 
secticides,  hydrocarbons,  or  other  foreign  odorants. 

Weight  per  bushel  is  determined  by  weighing  a  known  volume  ( rarely 
a  bushel)  of  grain  and  calculating  the  weight  of  2,150.42  cubic  inches. 

A  sieve  with  round  holes  12/64  inches  in  diameter  is  used  to  remove 
cracked  corn  and  foreign  material.  Any  material  other  than  corn  remain¬ 
ing  on  top  of  the  sieve  is  removed  and  added  to  the  screenings.  The  mate¬ 
rial  removed  and  that  passing  through  the  screen  is  weighed  and  the  per¬ 
centage  by  weight  is  calculated  to  determine  the  cracked  corn  and  foreign 

material. 

The  kernels  which  have  been  damaged  mechanically  or  by  heating  are 
picked  from  a  250-gm.  portion  of  the  cleaned  corn  and  are  weighed  anc 
[he  percentage  calculated.  Heat  damaged  kernels  are  segregated  from 
the  total  damaged  portion  and  weighed  separately.  cat  ^a.nago^  is 
manifested  by  a  darkening  of  the  germ  and  other  changes.  It  destroys 
viability  of  the  grain  and  reduces  its  milling  quality. 

Only  the  test  required  for  fixing  the  lowest  possible  grade  need  h^ 

Grade  Jd*e  tests  for  damaged  kernels,  bushel  weight,  foreign  mater¬ 
ial  etc.,  need  not  moisture  percentage  is  the  legally 

prescribed  technique,  but  in  practice,  moisture  may  be  detei mined  in 
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several  ways.  The  AOAC  Methods  (Anon.  1955)  requires  heating  a 
sample  at  266  ±  5  F.  and  atmospheric  pressure  for  one  hour,  or  at  208 
to  212°  F.  and  25  mm.  pressure  until  constant  weight  is  attained  (about 
five  hours ) . 

Other  Official  tests  not  required  by  the  Standards,  but  which  are  oc¬ 
casionally  run  for  special  purposes  are  ash,  extract  soluble  in  cold  water, 
crude  fiber,  crude  fat,  fat  acidity,  and  total  protein.  Details  of  these  tests 
may  be  obtained  by  referring  to  the  Official  and  Tentative  Methods  of  the 
Association  of  Official  Agricultural  Chemists  (Anon.  1955). 


r*;r<.,unr\ 


Tilt  use  of  corn  as  the  expanded  or  puffed  kernel  is  certainly  very 
ancient,  examples  of  grain  suitable  for  this  purpose  having  been  found 
not  only  in  the  1  oltec  pyramids  of  Central  America,  but  also  in  4  000 
year  old  deposits  in  the  Bat  Cave  of  New  Mexico.  Popcorn  has  always 
been  predominantly  an  American  food,  although  fairly  large  quantities 
are  sold  in  England,  principally  as  caramel-coated  confections,  and  much 
lesser  quantities  in  other  countries  of  the  Eastern  hemisphere. 

In  the  United  States,  popcorn  growing  and  processing  are  big  busi¬ 
nesses.  The  176,400  acres  which  were  planted  to  this  crop  in  1956  yielded 
about  a  third  of  a  billion  pounds  of  ear  corn.  The  leading  states  in  pop- 
com  production  are  Iowa  and  Illinois.  In  addition,  Ohio,  Missouri 

annual))1’  Kent"cky  each  normally  Pla»t  more  than  10,000  acres’ 

us";taorred,"eS  f0;POPCOm  are  not  mach  d«erent  from  those 
on  i  ta  d  L  s  CT,  ”,e  °f  Seedin&  °ptimum  soil  and  climate 

Ze  or  den  corn  7  VeSt"'8  Pr°Ced,,rcs  -  mueh  *»*  as 

weeds  because  77  PC°m  gTerS  USUa"y  have  trouble  with 
because  then  crop  grows  slower  than  dent  corn  and  the  „1 

z'zzzr  dZr,7  tThe  — a> « diicp’r 

corn,  but  the  latter  grain  is  usually^eedecf  7  f‘>llo'Ved  ln  Pla»ting  pop- 
kernels  per  hill  being  a  common  rate  for  checked  popcorn  ^  fiV° 

muchTpnrodnacedVb°ytemOP  ^  - 

for  the  small  plots  do  not  show  un  in  rcia .  8rowers,  although  figures 
producers  of  popcorn  almost  always  t  ^  I  records'  Commercial 
merchandising  concern  which  provides  the  rZ  T'Z  Wi‘h  a  large 
outlet  for  the  product.  Because  of  this  \  7  7erS  an  a*mred 

persons,  annual  yield  figures  are  subject  to  greTt  fl  7  feW 

C  d  corn  yields  are  more  inflexible  as  a  result  o‘f  tL  gmaterZrZof 
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a  Lngei  body  of  independent  growers.  Popcorn  sells  for  considerably 
more  per  bushel  (  /0  lbs.  of  ear  corn)  than  field  corn,  but  the  yield  per 
acre  is  less  and  cultivation  procedures  are  more  time-consuming. 

Some  of  the  favorite  varieties  of  popcorn  are  Japanese  hullless,  South 
American,  White  Rice,  Tom  Thumb,  and  Yellow  Pearl.  Hybrid  pop¬ 
corns  are  now  sown  more  widely  than  the  pure  varieties.  Purdue  and 
Iowa  State  College  carry  on  extensive  breeding  program  for  the  devel¬ 
opment  of  superior  hybrids,  each  organization  growing  more  than  2,000 
crosses  annually.  Hybrids  are  carefully  graded  for  yield  per  acre,  lodg¬ 
ing  tendencies,  disease  resistance,  and  amount  of  expansion  of  the  kernels. 

The  fluffy  white  irregular  mass  that  is  a  kernel  of  popped  corn  repre¬ 
sents  expanded  endosperm  of  the  original  grain.  The  apparent  volume  of 
the  kernel  increases  30  times  or  more  when  it  undergoes  popping.  The 
thick  and  horny  outer  layers  remain  attached  to  the  puffed  endosperm 
in  an  unexpanded  form.  Many  kinds  of  cereal  grains  can  be  made  to  pop 
or  puff  under  carefully  controlled  conditions,  as  will  be  described  in  the 
chapter  on  Breakfast  Cereal  Production,  but  popcorn  has  the  peculiar 
quality  of  undergoing  puffing  even  when  the  heat  is  applied  relatively 
slowly  at  atmospheric  pressure.  This  property  makes  it  suitable  for 
preparation  in  the  home  with  simple  equipment. 

The  popping  of  corn  is  unquestionably  related  to  a  sudden  expansion 
of  steam  in  the  intercellular  spaces  of  the  endosperm.  A  satisfactory 


explanation  of  this  phenomenon  cannot  be  found  in  the  literature  al¬ 
though  some  speculations  appear.  It  is  not  related  to  any  obvious 
differences  in  the  chemical  composition  of  the  grain.  As  was  shown  in 
Table  9,  popcorn  has  slightly  more  protein,  on  the  average,  than  the  dent 
varieties,  but  the  ranges  for  normal  kernels  overlap  considerably  so  that 
protein  quantity  alone  cannot  be  the  sole  factor.  Considerable  research 
work  has  been  directed  toward  elucidating  the  difference  between  the 
starches  of  popcorn  and  other  corn,  but  it  has  become  evident  that  theie 
is  no  appreciable  difference  between  the  structure.  The  ratio  of  amylose 
to  amylopectin,  the  molecule  size  and  branch  length,  and  the  granule 
size  and  shape  of  the  starch  are  all  very  much  the  same  in  popcorn  and 
certain  varieties  of  non-popping  corn.  It  may  be  that  the  very  tough, 
thick,  and  continuous  bran  coat  retains  the  steam  until  pressures  in  the 
puffing  range  are  built  up,  at  which  time  it  ruptures,  suddenly  releasing 
the  endosperm  with  its  content  of  superheated  water  vapor.  However, 
it  has  been  reported  that  chunks  of  endosperm  free  of  the  seed  coat  can 
be  popped.  Details  of  this  experiment  were  not  given. 

The  optimum  moisture  percentage  for  popping  has  been  recommended 
as  13.5  per  cent.  In  working  with  four  hybrids.  Huelsen  and  Bonus 
(1954)  found  that  increasing  the  moisture,  at  least  to  about  14.0  pel  cen  , 
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increased  expansion.  However,  the  response  to  increasing  moisture 
differed  with  respect  to  maturity  at  harvest  and  popping  temperatures. 
Corn  harvested  at  greater  maturity  (e.g.,  15.65  per  cent  moisture)  gave 
higher  popping  expansion  than  a  lot  harvested  ,at  31  per  cent  moisture. 
The  temperature  of  the  popper  giving  optimum  expansion  varied  with 
the  different  hybrids.  Reducing  the  moisture  content  at  popping  like¬ 
wise  reduced  the  required  popping  time.  There  was  an  inverse  rela¬ 
tionship  between  popping  expansion  and  time  required  to  pop.  The 
temperature  at  which  popping  began  decreased  with  increasing  mois¬ 
ture  content. 

In  home  preparation,  corn  is  usually  popped  in  oil  to  provide  better 
conduction  of  the  heat,  but  in  large-scale  production,  electrical  heating 
(sometimes  radiant)  of  “dry”  kernels  is  frequently  employed.  The 
temperature  required  for  popping  can  range  from  300°  to  450° F. 

Although  commercial  distributors  of  popcorn  claim  that  they  consider 
the  kernel  texture,  flavor,  color,  and  other  subjective  characteristics  in 
selecting  seed  varieties,  the  chief  basis  for  judging  popcorn  desirability 
has  always  been  the  relative  amount  of  kernel  expansion  that  is  obtained 
when  the  corn  is  popped.  This  is  a  natural  tendency,  since  expansion 
is  closely  related  to  the  price  received  by  the  processor.  Popped  com 
is  usually  sold  and  bought  by  the  consumer  (in  amusement  parks, 
theatres,  etc.)  on  the  basis  of  volume  rather  than  weight.  The  con¬ 
cessionaire  must  fill  a  box  or  bag  of  given  volume  with  popped  corn, 
regardless  of  whether  he  has  a  raw  popcorn  of  high  or  low  expansion. 
Naturally,  he  prefers  a  corn  of  high  expansion  since  this  means  he  will 
have  to  purchase  fewer  pounds  of  raw  material  to  fill  the  required 
number  of  containers. 

The  trade  measures  expansion  by  popping  a  given  weight  or  volume 
of  com  under  controlled  conditions,  dumping  the  popped  kernels  into  a 
graduated  plastic  cylinder  of  standard  diameter  and  reading  the  height  of 
the  column.  Formerly,  a  standard  volume  of  kernels  was  used  for  test 
popping,  but  measurement  in  this  manner  did  not  always  accurately  ex¬ 
press  the  contribution  of  kernel  weight  to  the  results,  so  a  change  was 
made  in  the  procedure,  and,  currently,  a  standard  weight  of  grain  is  used 
in  the  test.  Results  are  now  expressed  as  cubic  inches  of  popped  corn 
obtained  per  pound  of  raw  corn.  In  the  volume  versus  volume  test  the 
volume  of  unpopped  corn  used  filled  the  graduated  tube  to  a  height  of 
one  mch,  and  the  height  of  the  column  of  popped  corn  in  inches  was 
the  expansion  ratio  of  the  corn.  Most  commercial  corn  gives  an  expan- 

S'°n  between  30-  and  although  a  few  recently  developed  hybrids 

give  expansion  ratios  as  high  as  40-fold  (Nelson  1955) 

It  has  been  suggested  (Richardson  1957)  that  pericarp  thickness 
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Courtesy  of  C.  Cretors  Co. 

Fig.  15.  Official  Weight-Volume  Tester  for 

Popcorn 

should  be  used  as  another  indicator  of  popcorn  quality.  In  this  test,  the 
pericarp  sections  are  mounted  on  edge  in  modeling  clay  and  observed 
under  a  compound  microscope  equipped  with  an  ocular  micrometer. 
Hull  sections  are  more  easily  obtained  from  popped  samples  than  from 
unpopped  kernels.  The  pericarp  thickness  is  expressed  in  microns,  and 
in  a  large  series  of  hybrid  corn  samples  varied  between  41  and  65.  The 
measurement  is  thought  to  give  an  indication  of  quality  because  it  is 
related  to  the  amount  of  tough,  horny  material  remaining  on  the  popped 
corn  and  thus  is  related  to  the  acceptability  of  the  product.  Pericarp 
thickness  is  largely  influenced  by  genetic  factors  although  changes  in 
the  environment  have  some  effect  (Richaidson  1958). 
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SWEET  CORN 


Introduction 

Sweet  corn  differs  from  field  corn  in  that  a  Jarge  proportion  of  the 
carbohydrates  of  the  kernel  is  present  as  glucose  polymers  of  fairly  low 
molecular  weight  (dextrins)  rather  than  as  starch  granules.  As  a  con¬ 
sequence,  the  kernels  of  sweet  corn  retain  their  tender  and  succulent 
texture,  and  their  sweet  taste  for  a  much  longer  period  of  time  during 
their  development.  Sweet  corn  kernels  when  matured  and  dried,  are 
as  hard  as  those  of  field  corn,  although  they  have  a  wrinkled  surface.  On 
the  other  hand,  certain  varieties  of  field  com  are  often  sold  as  sweet  corn 
when  in  the  immature  stages.  This  is  particularly  true  in  the  Southern 
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United  States  where  the  greater  susceptibility  of  sweet  corn  to  disease 

and  insect  infestation  has  prohibited  its  economical  production  until 
very  recently. 


Sweet  corn  is  regarded  by  some  botanists  as  a  distinct  species  or  sub- 
spec.es ;  (Zen  mays  sacchamta )  extant  since  prehistoric  times,  while  other 
authorities  ( Erwin  1951)  consider  it  to  be  a  field-corn  mutation  of  fairly 
recent  origin.  The  mutated  gene  is  presumably  the  one  responsible  for 
n.t.atmg  the  mechanism  whereby  the  carbohydrates  of  the  kernel  are 
transformed  into  granules  containing  high  molecular  weight  branched 
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starches.  It  is  said  that  single  mutant  kernels  having  the  characteristics 
of  sweet  corn  have  been  observed  on  ears  of  flint  corn  grown  under  con¬ 
trolled  pollination.  However,  it  is  noteworthy  that  sweet  com  differs 
from  field  corn  in  many  respects.  It  is  more  susceptible  to  attacks  by 
pathogens,  for  example.  Whether  these  additional  differences  result 
from  the  operation  of  the  same  mutant  gene  which  interferes  with  starch 
granule  production  or  whether  they  are  independent  phenotypes  remains 
to  be  proven. 

Seed-bed  preparation,  planting,  and  cultivation  of  sweet  corn  are 
similar  to  the  procedures  used  for  field  corn.  Harvesting  is  usually  per¬ 
formed  by  machines  which  cut  the  ears  off  the  stalk  so  that  bruising  of  the 
tender  kernels  is  kept  to  a  minimum.  The  time  of  harvesting  is  quite 
critical  and  is  usually  about  18  days  after  silking.  Even  the  most  tolerant 
varieties  retain  satisfactory  canning  quality  for  a  period  of  only  6  to  8 
days.  In  other  varieties,  this  period  of  optimum  quality  may  be  as  short 
as  two  days.  Sweet  corn  yields  from  about  V 2  to  ~/$  as  much  dry  matter 
per  acre  as  do  the  best  varieties  of  field  com  under  similar  conditions. 
Most  aspects  of  sweet  corn  growing  and  processing  have  been  excellently 
presented  by  Huelsen  ( 1954 ) . 


Quality  of  Sweet  Corn 

The  two  principal  factors  contributing  to  sweet  corn  acceptability  are 
apparently  its  sweetness  and  its  tenderness.  Tests  to  measuie  these  fac¬ 
tors  must  be  rapid  and  accurate,  since  maturation  proceeds  very  rapidly 
in  many  varieties  of  sweet  corn  and  relatively  small  changes,  percentage- 
wise,  can  cause  appreciable  changes  in  the  sensory  quality  of  the  product. 
For  example,  Geise  (1953)  determined  the  smallest  increment  in  cer¬ 
tain  quality  test  results  which  could  be  detected  subjectively  by  expeii- 
encecl  judges  at  a  95  per  cent  level  of  confidence.  It  was  found  that 
these  increments  were  0.52  per  cent  for  moisture,  0.06  per  cent  for  peri¬ 
carp  0  95  per  cent  for  alcohol  insoluble  solids,  and  0.68  ml.  for  differences 
in  volume  of  20  kernels.  Most  practical  tests  for  determining  the  suit¬ 
ability  of  the  raw  material  for  processing  are  based  on  measuremen  s  o 
the  hardness  of  the  kernels,  or  of  the  moisture  content.  These  tests  range 
from  verv  simple  ones,  as  in  the  common  thumbnail  test  used  by  exper 
enced  field  men,  to  relatively  well  instrumented  ones  as  in  the  succu 

eter  test  or  in  moisture  tests  by  electronic  devices. 

The  thumbnail  test  involves  pressing  the  kernels  while  they '  are :stA  on 
the  cob  and  judging  the  “juiciness”  and  softness  of  the  co™.  Another 
visual  and  subjective  test  is  based  on  the  number  of  dented  kernels  on 
the  ears  Ears  showing  kernels  with  concavities  in  the  cioun,  indict  g 
loss  of  moistme,  are  too  far  advanced  in  maturity  to  process  properly  into 
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a  high  quality  product.  According  to  Huelsen  (1954),  lots  of  Country 
Gentleman  and  Evergreen  varieties  in  which  more  than  five  per  cent  of 
the  ears  have  one  or  more  dented  kernels  are  not  suitable  for  packing 
as  fancy  cream  style  corn.  Corn  at  this  stage  contains  about  68  per  cent 
moisture. 

Henry  et  al  (1956)  showed  that  the  quality  of  the  flavor,  skin  texture, 
endosperm  texture,  and  color  decreased  as  the  corn  matured  to  less  than 
76  per  cent  moisture.  When  the  moisture  fell  below  /()  per  cent,  these 
adverse  changes  were  accelerated.  The  per  cent  reducing  sugars  and 
total  sugars  traced  a  downward  course  as  the  corn  matured. 

Caldwell  (1939)  suggested  the  use  of  a  puncture  test  to  determine 
toughness  of  the  pericarp  since  it  is  known  that  the  pericarp  becomes 
thinner  and  harder  as  the  corn  matures.  However,  there  are  differences 
in  pericarp  toughness  between  varieties  at  any  given  stage  of  maturity 
(Haber  1931). 

Henry  et  al.  (1956)  surveyed  a  number  of  the  methods  which  have 
been  suggested  for  use  as  indicators  of  sweet  corn  maturity.  Results  of 
the  various  moisture  tests  studied— Steinlite  moisture  meter,  succulometer, 
percentage  of  moisture  by  the  vacuum  oven  method  or  calcium  carbide 
method,  and  the  per  cent  soluble  solids  by  refractometer— were  well 
correlated  with  the  degree  of  maturity.  Measurement  of  the  turbidity 
of  the  juice  was  found  to  be  a  rather  impractical  test  for  control  labora¬ 
tory  use  although  the  results  of  the  test  appeared  to  be  correlated  with 
maturity  down  to  about  70  per  cent  moisture  content.  The  ethanol- 
insoluble  solids  content  was  a  good  indicator  of  the  degree  of  maturity 
and  the  values  for  raw  and  canned  samples  agreed  rather  well. 

Canned  products  containing  field  corn  must  be  so  labeled.  A  test  to 

identify  field  corn  kernels  intermixed  with  sweet  corn  was  developed  by 

Heid  (1928).  This  determination  involves  placing  alcohol-hardened 

fragments  of  endosperm  from  a  large  number  of  kernels  in  the  depres- 

sions  of  a  spot  plate  and  covering  them  with  an  iodine  stain.  A  brown 

cloud  of  dextrin  will  disseminate  from  the  particles  of  sweet  corn  while 

the  solution  surrounding  the  field  corn  will  remain  clear.  The  field  corn 

fragments  will  be  blue-black  and  sharply  outlined.  Wildman  (1932) 

points  out  that  care  must  be  used  in  interpreting  the  results  of  this  test 

because  kernels  of  immature  sweet  corn  do  not  contain  enough  dextrin 

to  produce  the  dense  brown  coloration  characteristic  of  more  mature 
sweet  corn.  WLUie 

In  the  subsequent  paragraphs,  a  brief  discussion  of  each  major  process¬ 
ing  method  applied  to  sweet  corn  will  be  given.  Although  an  attempt 
has  been  made  to  keep  the  first  section  of  this  volume  relatively  free  from 
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processing  details,  considerations  of  space  and  fluency  dictated  the  in¬ 
clusion  of  some  such  material  in  this  chapter. 


Canning 


Most  canned  corn  is  marketed  either  as  cream  style  or  as  whole  kernel, 
although  a  small  amount  of  corn-on-the-cob  and  some  combination  items 
(e.g.  corn  with  peppers)  are  canned.  Cream  style  corn  includes  portions 
of  kernels  cut  from  the  cob  and  the  scraped  residue  of  the  portions  re¬ 
maining  on  the  cob.  Small  amounts  of  corn  or  wheat  starch,  natural  or 
modified,  may  be  added  to  thicken  the  can  contents. 

Practically  all  canned  corn  is  sweet  corn.  The  amount  of  field  corn 
canned  (as  such,  excluding  hominy)  is  negligible.  The  corn  for  canning 
is  grown  under  contract  with  a  processor.  The  canner  provides  the 
farmer  with  treated  seed  and  designates  the  date  of  planting.  On  ma¬ 
turity,  the  corn  is  purchased  at  a  price  which  may  be  fixed  at  the  time  of 
the  signing  of  the  contract  or  may  be  related  by  some  factor  to  the  price 
of  field  corn  at  the  time  of  delivery.  The  contractual  arrangement  is 
necessary  because  the  factory  must  have  a  constant  flow  of  raw  material 
over  an  extended  canning  period,  and  the  farmer  must  have  an  assured 
outlet  for  this  very  perishable  crop. 

Corn  is  received  at  the  cannery  with  the  husks  on  the  ears.  The  corn 


is  fed  from  the  trucks  into  chutes  leading  to  machines  which  cut  off  the 
ends  of  the  cobs  and  strip  the  freed  husk  from  the  ears.  Washing  by 
high  pressure  jets  of  water  removes  most  of  the  debris  and  many  of  the 
silks. 

Removal  of  silks  is  probably  the  most  difficult  operation  in  the  canning 
process.  Some  of  this  material  almost  always  remains  with  the  kernels 
as  they  go  to  the  can.  The  problem  is  somewhat  ♦alleviated  by  using 
varieties  of  corn  which  have  colorless  silks  under  the  husk,  so  that  the 
remnants  are  less  detectable  in  the  finished  product. 

The  washed  ears  are  trimmed  and  sorted  for  defects  and  maturity. 
The  more  mature  corn  may  be  used  for  cream  style  while  the  undermature 
ears  are  processed  as  whole  kernel  corn.  The  sorted  corn  goes  to  cutters 
which  either  remove  most  of  the  kernel  intact,  for  whole  kernel  packs, 
or  make  a  relatively  shallow  cut  so  that  portions  of  the  kernel  remain 
on  the  cob  to  provide  the  “cream  for  cream  style  packs. 

Cut  kernels  are  cleaned  by  screening  and  washing,  and  sometimes  y 
fanning.  These  procedures  remove  bits  of  cob,  husk  silks,  and  some 
loose  pericarp.  Soluble  solids  are  reduced  by  the  washing  process,  the 
percentage  of  loss  for  a  given  lot  of  corn  depending  somewhat  on 

amount  of  endosperm  exposed  by  the  cut.  ..j 

Corn  is  filled  into  cans  and  a  hot  solution  of  salt  and  snga,  is  added. 


COHN 


55 


In  cream  style  packs,  this  “brine”  may  be  added  to  the  corn  in  batch 
mixers  and  a  certain  amount  of  cooking  given  the  product  before  it  is 
filled.  The  composition  of  the  brine  varies  from  packer  to  packer  and 
with  the  type  of  corn  being  canned.  A  ratio  of  1  lb.  of  salt  to  5  lbs.  of 
sugar  has  been  suggested  for  cream  style  corn.  Total  solids  content  of 
the  brine  may  vary  from  0.5  to  1.5  lbs.  per  gallon.  From  5  to  15  lbs.  of 
starch  per  100  gallons  of  brine  may  also  be  added. 

The  following  processing  times  for  whole  kernel  corn  packed  in  307  x 
306  cans  have  been  suggested:  35  minutes  at  250°F.,  45  minutes  at 
245° F.,  or  55  minutes  at  240  F.  Requirements  for  successful  processing 
at  these  times  and  temperatures  are  23  inches  of  closing  vacuum,  the 
presence  of  at  least  one  ounce  of  free  liquid,  and  a  filled  weight  not  ex¬ 
ceeding  11.2  ounces  of  corn. 


Dehydration 


A  small  amount  of  sweet  corn  is  dehydrated.  This  product  is  used 
primarily  in  Armed  Forces’  operational  rations,  although  it  has  also  ap¬ 
peared  in  grocery  stores  from  time  to  time.  During  World  War  II,  it 
enjoyed  a  minor  vogue.  Little  is  being  sold  to  consumers  at  present. 
Both  white  and  yellow  kernels  can  be  and  have  been  dehydrated. 
Garnei  ct  al.  (1955  and  1955A)  give  technical  details  of  the  drying 
process.  Usually  dehydration  is  performed  at  atmospheric  pressure  and 
at  moderate  temperatures,  although  the  advantages  of  freeze-drying  are 
very  noticeable  in  dried  sweet  corn. 


Processing  techniques  are  relatively  simple.  While  it  is  still  on  the 
cob,  the  corn  is  blanched  with  atmospheric  pressure  steam.  The  pro¬ 
cedure  decreases  the  leaching  of  solubles  which  reaches  significant  pro¬ 
portions  when  the  kernels  are  hot  water  blanched,  particularly  if  they 
are  cut  from  the  cob  before  blanching.  The  blanched  kernels  are  cut 
from  the  cob  using  techniques  similar  to  those  found  in  the  canning 

frm  “The  filf  ??ked  fr°m,one  to  three  inches  deep  in  perforated  metifl 
<  •  he  fi  led  trays  are  placed  in  a  tunnel  dryer  or  similar  apparatus 

"  s"  ,ecte  t0  a  l>last  of  a'r  at  a  temperature  of  about  180°F  The 
temperature  may  be  programmed  to  decrease  as  the  moisture  of  the 

5  to  6  per  cent  ly"’S  “  <hscontinued  when  the  moisture  content  reaches 

appearance.  Penetration  of  water  throimb  inr,^  flavor  or 

«ons)WfikdSePsirdH0f  re,  ydration  is  ™Portant  ( as X Armed  Forces'^ 
or  to  provide  additional  opltagXX^taltrf'wate^  ^  **  ken,d 
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Dehydrated  corn  stales  by  way  of  browning  reactions,  leading  to  off- 
colors,  off-odors,  and  off-flavors,  by  bleaching  of  carotenoids,  and  by  other 
similar  deteriorative  processes.  Maximum  stability,  when  fully  pro¬ 
tected  by  moistureproof  packaging,  is  about  4  to  6  months  at  100°  F., 
and  12  to  18  months  at  70°F. 

Freezing 

Large  quantities  of  sweet  corn  are  frozen.  A  small  but  increasing 
fraction  appears  on  the  market  as  corn-on-the-cob,  but  the  greatest 
amount  is  sold  as  whole  kernel  corn.  There  is  also  a  frozen  counterpart 
of  cream-style  corn.  Frozen  succotash  is  packaged.  Tressler  and  Evers 
(1957)  give  a  very  thorough  discussion  of  methods  of  preparing  these 
products.  In  general,  manufacturing  techniques  down  to  the  point  of 
packaging  are  rather  similar  for  canned  and  frozen  corn. 
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CHAPTER  3 


T.  R.  Stanton 


Oats 


INTRODUCTION 

Oats  constitute  an  important  feed  grain  crop  of  the  United  States  and 
many  other  countries.  World  production  in  pounds  averages  one-third 
that  of  wheat  and  two-fifths  that  of  rice  or  corn.  The  United  States  and 
Canada  produce  nearly  half  of  the  world  crop  which  usually  totals  slightly 
over  four  billion  bushels  annually.  Oats  are  utilized  primarily  as  feed 
for  domestic  animals.  Although  their  bone-  and  muscle-building  com¬ 
ponents  and  other  desirable  nutrient  values  are  well-known,  less  than  five 
per  cent  of  the  world  crop  is  utilized  as  human  food.  A  greater  apprecia¬ 
tion  of  oats  as  a  food  and  the  finding  of  new  industrial  uses  for  the  crop 
are  of  paramount  importance  to  its  future. 


IMPORTANCE  OF  OATS 

As  a  World  Crop 

Annual  world  production  of  oats  usually  totals  a  little  more  than  four 
billion  bushels.  The  five  leading  oat-producing  countries  are  the  United 
States,  Russia,  Canada,  Germany,  and  France,  with  an  annual  produc¬ 
tion  in  millions  of  bushels  of  approximately  1,350,  800,  460,  300,  and  250, 
respectively.  This  production  embraces  about  three-fourths  of  the 
world  s  total  annual  crop.  The  remaining  one-fourth  is  produced  by  the 
many  smaller  oat-producing  countries  such  as  the  United  Kingdom,  Den¬ 
mark,  Sweden,  Czechoslovakia,  and  Argentina.  Oats  usually  rank  high 
m  importance  among  the  grains  of  the  latter  group  of  countries,  although 
ie  importance  of  the  crop  has  fluctuated  greatly  in  recent  decades  be¬ 
cause  o  internal  disturbances  in  these  countries  incident  to  two  World 
Wars. 


As  a  Crop  in  the  United  States 

Oats  are  the  third  most  important  cereal  crop  of  the  United  States 
They  are  grown  on  more  than  40  million  acres  annually,  with  an  averse 
annual  production  of  around  1,350  million  bushels  Contrary  to  ‘ 

P°PUlar  thinkin«-  °ats  held  their  place  in  the  agriculture  oTJhe 
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United  States  not  as  a  cash  crop,  but  because  of  the  great  usefulness  of 
the  crop  in  rotations  and  as  feed  for  domestic  animals,  and  because  of  the 
relatively  small  amount  of  labor  required  for  growing  and  handling  the 
crop. 

It  is  unfortunate  that  for  some  years  low  acre  returns  of  inferior  quality 
oats  and  the  replacement  of  the  horse  with  the  tractor  made  oats  the 
common  “whipping  boy”  of  the  agricultural  economist.  A  recommended 
reduction  in  the  acreage  of  oats  was  an  annual  feature  of  farm  outlook 
reports.  There  is  no  doubt  that  oat  production  declined  to  some  extent 
in  the  1930’s  owing  to  low  yield  and  low  quality  resulting  primarily  from 
rusts.  Hence,  there  really  was  some  justification  for  the  belief  that  the 
crop  was  deteriorating.  Nevertheless,  during  the  last  decade  and  a  half 
the  economic  status  of  oats  has  been  greatly  improved  by  breeding  and 
distribution  of  superior  new  disease-resistant  and  more  productive 
varieties.  A  more  consistently  higher  yield  of  better  quality  oats  made  a 
“come-back”  possible  for  the  crop.  Fig.  17  illustrates  the  distribution  of 
oats  produced  for  grain  during  a  recent  year. 

ORIGIN  OF  THE  OAT  PLANT 

The  origin  of  oats,  as  is  true  of  most  economic  plants,  is  shrouded  m 
obscurity  and  mystery.  Mal’tzev  (1830),  a  modern  Russian  systematise 
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is  of  the  opinion  that  there  is  no  definite  record  to  lead  botanists  to  be¬ 
lieve  that  oats  were  known  to  the  ancient  Chinese,  Hebrews,  or  Hindus. 
The  writers  of  classical  antiquity,  such  as  Cato,  Cicero,  Theophrastus, 
Ovid,  and  Varro,  apparently  refer  to  oats  only  as  a  weed  which  was  used 
for  medicinal  purposes. 

The  Common  Oat,  by  far  the  one  most  important  of  all  the  cultivated 
and  botanical  forms  of  Avena,  apparently  was  first  found  growing  in 
different  regions  of  Europe,  from  where  it  spread  to  various  parts  of  the 
world,  especially  into  regions  having  a  suitable  environment  for  its 
satisfactory  growth.  There  is  a  possibility,  however,  that  it  may  have 
been  first  grown  by  the  ancient  Slavonic  people  who  inhabited  Western 
Europe  during  the  Iron  and  Bronze  Ages.  Mal’tzev  also  believes  that 
the  group  of  oats  belonging  to  the  cycle  Avena  fatua  (Wild  Oat),  the 
most  generally  accepted  progenitor  of  A.  sativa  (Common  Oat),  is  of 
Asiatic  origin. 


The  first  authentic  historical  records  on  cultivated  oats  appear  at  the 
beginning  of  the  Christian  era.  The  writings  of  Columbella,  Dioscorides, 
Pliny,  and  other  historical  writers  of  the  early  Christian  era  indicate  that 
the  Common  Oat  (A.  sativa)  was  grown  by  Europeans  for  grain  and  the 
Red  Oat  (A.  byzantina)  for  forage  purposes,  especially  in  Asia  Minor. 
As  a  consequence,  the  most  authentic  information  available  leads  to  the 
belief  that  the  cultivated  Red  Oat  of  the  southern  United  States,  South 
America,  Australia,  and  the  Mediterranean  region  of  Europe  with  similar 
warm  climates,  had  a  common  origin,  that  is,  in  Asia  Minor,  west  of  the 
e  iterranean.  Again  since  the  Red  Oat  appears  not  to  have  been  found 
anywhere  in  ancient  excavations,  it  is  considered  to  be  of  more  recent 
origin  than  the  Common  Oat.  Evidence  published  rather  recently,  how¬ 
ever  indicates  that  this  may  be  in  error  and  the  theory  is  advanced  that 

ie  Common  Oat  originated  from  the  Red  Oat  and  that  the  latter  is  thus 
the  older  species  (Coffman  1946). 

Among  the  early  writers  of  the  Christian  era  the  belief  obtained  to 

Adds  ThL^  T  W6re  Pr°babIyv  fil'St  f°Und  as  a  weed  which  infested 
heids  of  barley.  Hence,  oats  may  have  been  first  widely  distributed  as 

a  mixture  in  barley  and  later  selected  and  domesticated  as  a  separate 
iop.  be  fact  that  Harlan  found  oats  of  the  minor  species  Avena  abus 
simca  growing  wild  only  as  a  weed  in  barlev  in  Fthinni ,  J 

this  theory  (Stanton  and  Dorsey  1927)  1  *  SUPP°rt  t0 
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Elizabeth  Islands  off  the  southern  7o"sf' .d'Yh *  T"”8  °n  °'le  °f  the 

ern  coast  ot  Massachusetts  in  1602.  In 
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Virginia  the  first  oats  probably  were  sown  as  early  as  1611  at  the  time 
wheat  was  first  tried  by  the  Jamestown  colony.  Nevertheless,  owing  to 
unsuitable  varieties,  primitive  cultural  methods,  a  somewhat  unfavorable 
climate,  and  a  lack  of  definite  information  on  the  growing  of  these  crops 
in  a  new  environment,  it  appears  that  neither  wheat  nor  oats  was  im¬ 
mediately  satisfactorily  grown  by  these  early  colonists. 

Ultimately,  the  growing  of  oats  became  well  established  on  the  Atlantic 
Seaboard  of  the  United  States  and  then  spread  westward  across  the 
Appalachian  Mountains  into  the  rich  soil  region  of  the  Ohio  Valley.  A 
fuither  gi  eat  shift  westward  followed  the  close  of  the  Revolutionary  war 
into  the  great  central  or  Mississippi  Valley  region  of  the  United  States 
now  known  as  the  Corn  Belt.  This  vast  region  could  equally  well  be  re¬ 
ferred  to  as  the  Oat  Belt  because  it  is  here  that  the  great  bulk  of  the 
oat  crop  is  grown  today.  This  westward  shift  continued  until  the  middle 
of  the  eighteenth  century. 

The  great  expansion  of  oat  production  westward  naturally  went  hand 
in  hand  with  the  very  rapid  development  of  agriculture  in  general  that 
took  place  from  about  1870  to  almost  the  end  of  the  nineteenth  century. 
Several  less  marked  periods  of  expansion  westward  followed  until,  in  the 
decade  ending  with  1950,  production  reached  its  peak  and  the  crop  ap¬ 
proached  or  exceeded  one  and  one-half  billion  bushels  in  four  of  the  ten 
years  of  this  decade. 

For  further  details  on  the  development  and  westward  advance  of  oat 
production  in  the  United  States,  see  Ball  et  al.  ( 1922)  and  Stanton  ( 1953). 

INTERNAL  AND  EXPORT  TRADE 

Oats  are  of  relatively  limited  importance  in  the  grain  markets  because 
a  high  percentage  of  the  crop  is  fed  on  the  home  farm  and  less  than  five 
per  cent  of  the  world  crop  is  processed  into  food  for  human  consumption. 
Thus  the  bulk  of  the  crop  is  consumed  by  farm  animals,  especially  hogs, 
dairy  cows,  poultry,  and  young  breeding  stock  of  all  kinds.  Formerly, 
horses  consumed  more  oats  than  all  other  farm  animals  combined.  As 
feed  for  these  animals,  oats  are  almost  unsurpassed  since  the  oat  grain  is 
high  in  protein,  fat,  vitamin  Bi,  and  minerals  such  as  phosphorus  and 
iron. 

The  United  States  is  exporting  slightly  more  oats  in  recent  years  than 
it  did  formerly.  During  the  five  year  period  from  1951  through  1955,  an 
average  of  about  twelve  million  bushels  has  been  exported  to  European 
and  other  countries  annually.  Thus  exports  (including  meal)  have  been 
very  low  and  relativelv  insignificant,  ranging  in  the  period  1945  to  1955 
from  as  low  as  three  million  bushels  in  1953  to  a  high  of  approximately  30 
million  bushels  in  1955.  However,  during  these  years  considerable 
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amounts  of  oats  have  been  imported  into  the  United  States  from  Canada. 
For  the  four  year  period  1950  through  1953,  an  annual  average  of  about 
55  million  bushels  were  received.  Owing  to  the  excellent  quality  of 
Canadian  oats  they  are  highly  valued  by  commercial  dealers,  race  horse 
enthusiasts,  and  producers  of  certain  classes  of  live  stock.  Not  many 
Canadian  oats  are  milled  in  the  United  States  owing  to  a  somewhat  higher 
cost  differential. 


NATURAL  FACTORS  AFFECTING  OAT  PRODUCTION 


Rainfall  and  Temperature 

The  oat  plant  grows  best  in  cool,  moist  regions  such  as  the  northern 
United  States,  southern  Canada,  and  northern  Europe.  The  important 
natural  factors  affecting  the  growth  and  development  of  the  plant  in  any 
region  includes  rainfall,  temperature,  winterkilling  (in  winter  oats),  soil 
productivity,  diseases,  and  insects.  The  leading  oat  producing  areas  are 
found  in  the  more  humid  parts  of  the  world  as  the  oat  plant  requires  more 
water  for  its  best  development  than  any  other  small  grain. 

Hot  dry  weather  when  the  grain  is  beginning  to  mature  frequently 
causes  premature  ripening  and  reduction  in  yield  and  quality,  whereas  hot, 
humid  weather  during  this  period,  or  slightly  earlier,  favors  the  infection 
with,  and  development  of,  disease  organisms,  especially  rusts  which 
markedly  reduce  the  yield  and  quality. 

Winterkilling  in  Fall-Sown  Oats 


Winterkilling  sometimes  results  in  serious  reduction  in  stand  and  yield 
when  oats  are  sown  in  the  fall.  In  recent  years,  the  distribution  of  new 
hard, er  or  more  cold-resistant  varieties  of  fall-sown  oats,  such  as  Forke- 
deer,  W.ntok,  and  Dubois,  has  decidedly  reduced  losses  from  freezing 
his  crop  thus  provides  a  soil  cover  and  much  valuable  grazing  during  the 
inter,  and,  ,1  needed,  an  excellent  hay  crop  the  next  May.  Fall-sown 
s  mature  earlier  than  do  spring-sown  oats  and  consequently  escape  to 
some  degree  infection  by  rusts  and  the  effects  of  other  diseases  Henc  “ 
Winter-  01  fall-sown  oats,  where  adapted,  produce  higher  acre  yields  of 
b  t  er  quality  grail,  than  do  spring  oats.  Another  advan  age  7s  ti  e 
earlier  removal  of  the  crop  from  the  land,  which  enables  earlier  and  , 
timely  planting  of  the  succeeding  crop.  As  a  rule  a  ]„,if  i  ', ...  m?re 
of  farm  labor  also  results  from  sowing  the  oats  in  the  fall.  **  '  "  "  >"t‘°" 
Soil  Productivity 

good  fertilizer  treatmern'when'grown  ”  f^rtomTdiumso.t  'xhT"  *° 
therefore  can  be  grown  very  satisfactorily  on  rather  poo"  sandy  soil!  sTeh 
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as  are  found  in  the  southeastern  and  southern  United  States.  Here,  when 
grown  in  a  proper  rotation,  on  soils  well  supplied  with  organic  matter  and 
the  proper  mineral  fertilizers  at  time  of  seeding,  high  acre  yields  are 
obtained.  The  yields  of  winter  oats  usually  are  greatly  augmented  by 
applying  nitrogen  in  the  late  winter  or  early  spring  as  a  top  dressing. 

It  thus  may  be  said  that  oats  are  less  demanding  in  natural  soil  fer¬ 
tility  and  are  better  adapted  as  a  poor-land  crop  than  any  of  the  small 
grains,  except  rye. 

Diseases 

The  most  serious  diseases  attacking  oats  are  the  rusts,  smuts,  Victoria 
blight,  and  foot  rots.  Other  oat  diseases,  usually  less  destructive,  include 
H elminthosporium  blight,  Septoria  black  stem,  mildew,  viruses  (mosaics), 
and  anthracnose. 

In  England,  the  so-called  gray-speck  disease  is  common  on  oats.  It  is 
caused  primarily  by  a  deficiency  of  manganese  in  the  soil.  Very  little 
gray-speck  has  been  seen  in  the  United  States.  At  any  rate,  this  trouble 
can  be  relatively  easily  corrected  by  application  of  manganese  to  the  soil. 

Rusts  have  been  especially  destructive  in  the  United  States,  but  in  re¬ 
cent  years  losses  have  been  markedly  reduced  by  the  development  and 
distribution  of  improved  disease-resistant  varieties.  The  oat  smuts  like¬ 
wise  have  been  common,  but  they  are  easier  to  control  by  seed  treatment. 
They  also  are  controlled  by  growing  resistant  varieties. 

The  wider  and  more  intensive  use  of  new  and  efficient  fungicides,  such 
as  New  Improved  Ceresan  or  Pantogen,  for  seed  treatment,  together  with 
the  growing  of  resistant  varieties,  has  resulted  in  reducing  losses  from  the 
oat  smuts  to  a  minimum. 

From  1945  to  1947  verv  heavy  losses  of  oats  were  caused  by  Victoria 
blight  (H elminthosporium  victoriae  (Meehan  and  Murphy)),  then  a 
new  and  very  destructive  disease.  This  disease,  however,  was  fairly 
quickly  controlled  by  the  development  and  distribution  of  varieties  with 
resistant  germ  plasm  derived  from  Bond  oat  crosses,  and  by  the  end  of 
the  1951  harvest,  it  had  almost  disappeared  in  many  sections. 

H elminthosporium  avenae,  Phythium  debaryanum  and  other  foot-iot 
organisms  have  caused  losses  in  some  sections  in  certain  years.  However, 
these  are  usually  considered  in  the  category  of  minor  diseases  and  have 
not  seriously  affected  oat  production.  Mildew  also  falls  in  this  category 
and  infrequently  causes  some  losses  to  winter  oats  in  the  south. 


Insect  Pests 

The  growing  oat  crop  is  relatively  free  from  attacks  of  insects  pests, 
except  for  the  occasional  attacks  of  the  green  bug  or  plant  aphid  in  the 
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central  and  south  central  states,  especially  in  Oklahoma  and  Texas.  In¬ 
festations  of  this  predator  have  been  more  abundant  in  recent  decades. 
However,  populations  seem  to  have  declined  during  the  last  few  years 
and  consequent  losses  to  the  crop  have  been  correspondingly  reduced. 
Attempts  are  being  made  to  discover  or  breed  varieties  resistant  to  green 
bug  injury  with  only  fair  success.  So  far  no  green  bug  resistant  varieties 
have  been  distributed  commercially. 

The  frit  fly  in  England  has  been  controlled  by  the  distribution  of  re¬ 
sistant  varieties. 

Predators  such  as  chinch  bugs  and  various  stem  borers,  which  have  been 
so  destructive  to  many  other  grain  crops,  have  caused  little  damage  to 
oats. 


BOTANY  OF  THE  OAT  PLANT 

The  Genus  Avena 

The  genus  Avena  apparently  was  established  in  1700  by  Tournefort, 
a  French  explorer  and  botanist.  Most  species  of  oats  known  today  were 
first  described  as  early  as  1750  by  Linnaeus,  the  great  Swedish  botanist. 

As  already  indicated,  the  Common  Oat  ( Avena  sativa)  is  grown  in 
the  cooler  and  moister  temperate  regions  of  the  world,  and  embraces 
most  of  the  oats  produced  today.  The  Red  Oat  (A.  byzantina )  is  grown 
in  regions  considered  too  warm  for  satisfactory  growth  of  the  Common 
Oat.  If  it  were  not  for  these  heat-tolerant  Red  Oats,  oat  production  would 
be  much  less  important  in  the  southern  United  States,  South  America 
Australia,  and  the  Mediterranean  countries  of  Europe 
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Fig.  18.  The  Inflorescence  of  Common  Oats 


(D  Panicle  of  Avena  saliva ;  (2)  distal  or  top  part  of  panicle,  bearing 
four  spikelets-  (3)  lateral  view  of  spikelet  (one-flowered  m  anthesis,  show¬ 
ing  separated  lemma  and  palea  with  one  branch  of  plumose isbgm  a  an 
three  stamens  (7)  protruding;  (4)  lateral  view  of  lemma,  showing  dorsal 
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grain  is  produced  on  small  branches,  in  spikelets,  varying  in  number  from 
20  to  150  per  panicle.  Each  spikelet  contains  two  or  three  florets  or 
grains  except  those  of  the  hull-less  or  naked  oat  which  contain  four  to 
eight.  The  spikelet  is  loosely  enclosed  within  , the  outer  glumes  (chaff). 
The  kernels,  except  in  the  hull-less  oat,  are  tightly  enclosed  in  the  lemmas 
or  inner  glumes  and  palea.  The  lemma  or  hull  ranges  in  color  from  white, 
yellow,  gray,  and  red,  to  black,  and  may  be  awned  or  awnless.  The 
kernel,  or  more  properly  the  carvopsis,  without  its  adhering  glumes,  is 
very  slender,  ranging  from  five-  to  seven-sixteenths  of  an  inch  in  length 
and  from  one-  to  two-sixteenths  of  an  inch  in  width.  The  kernel  con¬ 
stitutes  65  to  75  per  cent  of  the  total  weight  of  the  whole  grain.”  Some 
of  these  structures  are  shown  in  Fig.  18. 

For  additional  information  on  the  oat  species  and  varieties,  including 
description,  history,  and  distribution  of  the  species  and  varieties,  see  Stan¬ 
ton  (1955). 

Many  Varieties 

Several  hundred  varieties  of  oats  may  be  differentiated  on  the  basis  of 
botanical  characters.  Through  the  years  the  total  number  of  named  com¬ 
mercial  varieties  that  appeared  from  time  to  time  ran  into  the  thousands. 
The  so-called  World  Collection  of  Oats  on  file  in  the  Field  Crops  Research 
Branch,  Agricultural  Research  Service,  United  States  Department  of  Agri¬ 
culture,  Beltsville,  Maryland,  contains  nearly  5,000  varieties  and  strains. 
Most  of  these  are  simply  named  or  unnamed  strains  of  a  much  smaller 
number  of  definite  botanical  varieties  and  types,  that  is,  there  are  many 
duplicates.  During  the  last  two  decades  the  adoption  by  farmers  of 
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improved  or  selected  varieties  recommended  by  State  Agricultural  Ex- 
periment  Stations  and  Extension  Services  has,  fortunately,  reduced  the 
number  of  named,  often  nondescript,  disease-susceptible,  low-yielding 
varieties  that  plagued  the  farmer  for  years. 


Classification  of  Species  and  Varieties 


Stanton  (1953),  in  his  rather  comprehensive  studies  on  the  identifica¬ 
tion  and  classification  of  oats,  described  12  species  or  subspecies  of  Avena 
including:  (1)  Large  Naked  Oat  ( Avena  nuda  L.),  (2)  Small  Naked  Oat 
(A.  nudibrevis  var.,  A.  nuda  L.  ssp.  biaristata  (Alef.)  Asch.  &  Graeb.), 
(3)  Wild  Red  Oat  (A.  sterilis  L. ),  (4)  Red  Oat  (A.  byzantina  C.  Koch), 
(5)  Desert  Oat  (A.  wiestii  St  end.),  (6)  Slender  Oat  (A.  borbata  Brot.), 
(7)  Sand  Oat  (A.  strigosa  Schreb. ),  Abyssinian  Oat  (A.  abyssinica 
Hochst. ),  (9)  Short  Oat  (A.  brevis  Roth.),  (10)  Wild  Oat  (A.  fatua  L.), 
(11)  (Common)  Tree  Oat  (A.  sativa  L.  ssp.  diffusa  (Neils.)  Asch.  and 
Graeb.),  and  (12)  (Common)  Side  Oat  (A.  sativa  L.  ssp.  orientalis 
Schreb. ) . 

Unfortunately,  space  permits  only  brief  discussion  of  the  varieties  of 
Red,  (Common)  Tree,  and  (Common)  Side  Oats  in  this  book.  Brief 
reference  to  the  large  Naked  or  Hull-less  Oat  also  is  made  due  to  the 
fact  that  a  few  hull-less  oats  are  grown  commercially  on  farms  in  the 
United  States. 


Stanton  (1953)  described  only  four  varieties  of  the  Large  Naked  Oat 
and  named  six  synonymous  varieties.  Because  of  low  yield  and  other 
agronomic  disadvantages,  the  Naked  Oat  never  attained  much  economic 
importance  in  the  United  States.  However,  a  few  are  grown  each  year 
more  as  a  novelty  than  as  a  standard  crop  by  farmers  who  become  curious. 

Stanton  described  50  varieties  of  the  Red  Oat.  Of  these,  28  have  been 
grouped  in  the  key  as  representing  true  sterilis  types  with  second  floret 
separating  quite  consistently  by  basifracture,  and  22  as  intermediate  types 
with  second  florets  not  separating  consistently  by  basifracture,  hetero¬ 
fracture  (intermediate),  or  disarticulation,  best  exemplified  by  the  Burt 
and  Fulghum  varieties.  In  addition,  60  synonymous  varieties  were 

named. 

Stanton  described  146  varieties  of  the  (Common) Tree  Oat  and  namec 
165  synonymous  varieties.  He  also  described  18  varieties  of  the  (Com 
mon)  Side  Oat  and  named  16  synonymous  varieties.  As  a  group,  most  o 
the  varieties  with  side  panicles  are  of  little  economic  importance,  because 
of  their  low  yielding  power  and  inferior  grain  quality.  They  also  have 
low  tillering  capacities  and  large,  thick  hulled  grains.  ne  ice  a 
variety,  viz.  White  Tartar  (White  Russian),  is  of  value  for  breeding  e- 
cause  of  high  resistance  to  certain  races  of  stem  rust. 
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Several  other  botanists  have  classified  the  varieties  of  oats;  viz.  Ethe¬ 
ridge  and  Marquand.  Etheridge  (1916),  in  his  classification  studies  in¬ 
cluding  731  collections,  established  55  botanical  varieties  including  both 
the  Red  Oat  and  the  Common  Oat.  The  remaining  strains  were  either 
classified  as  synonymous  varieties,  or  were  discarded  as  representing  badly 
mixed  nondescript  oats  of  no  value  for  classification. 

Marquand  (1922),  an  English  botanist,  in  a  classification  of  the  species 
and  varieties  of  oats  mostly  grown  in  the  British  isles,  recognized  112 
varieties  and  sub-varieties  of  Red  and  Common  oats.  He  also  named  a 
few  synonymous  varieties. 

During  recent  years  the  breeding  and  distribution  of  many  new  dis¬ 
ease-resistant  varieties  originating  as  selections  mostly  from  crosses  be¬ 
tween  Red  and  Common  oats  has  further  complicated  the  problem  of 
varietal  identification  and  classification  owing  to  similarity  in  many 
morphological  characters  and  disease  reactions. 

Genetics  of  Oats 

Briefly,  the  basic  genetic  principles  determining  the  mode  of  inheritance 
of  morphological  characters  and  disease  reactions  in  oats  are  the  same  as 
lor  wheat  and  barley.  Most  characters  are  inherited  on  a  monogenic 
basis,  including  the  3:1  and  1:2:1  segregations.  A  relatively  smaller 
number  of  characters  are  inherited  on  a  digenic  or  trigenic  basis,  includ¬ 
ing  the  15:1  and  13:3  and  63:1  segregations.  There  remain  many  charac¬ 
ters,  mostly  of  a  quantitative  nature,  that  depend  upon  so-called  multiple 
factors  for  their  inheritance. 

For  a  catalog  of  the  various  characters  in  oats  that  are  transmitted  by 
these  different  types  of  inheritance  see  Stanton  ( 1937). 


OAT  IMPROVEMENT 

Three  methods  of  varietal  improvement  have  been  practiced  in  the 
mted  States  and  other  oat-producing  countries;  namely,  tile  methods  of 
introduction,  selection,  and  hybridization. 

Introduction 

to  The  NSt  "w'Ti1  Was,pr?cticed  extensively  by  immigrants  who  brought 
to  t  e  New  World  seed  ol  tire  varieties  commonly  grown  in  their  home- 

iTntv  Fide8  Tr  Centnry’  especially  during  the  last  half  of  the  19th 
uy.  Federal  Governmental  officials  or  explorers  traveled  the  world 
o  ected  and  introduced  hundreds  of  new  varieties  into  the  United  States 

Tr ers- Many  <>f  these 
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Selection 

Improvement  by  selection  started  in  a  big  way  shortly  after  the  turn  of 
the  century.  It  consisted  of  making  and  testing  hundreds  of  panicles 
(heads)  or  plant  selections  from  the  old  domestic  and  the  more  recently 
introduced  varieties.  The  few  lines  that  continued  to  be  most  promising 
in  yield  and  quality  usually  were  multiplied,  named,  and  distributed  to 
fanners  as  improved  varieties.  A  few  of  the  older  varieties  that  are  still 
grown  ( usually  on  somewhat  limited  acreages )  originated  in  this  manner. 
Victorv,  a  variety  rather  widely  grown  in  all  of  the  more  northern  oat 
countries  of  the  world  is  one  of  the  most  classical  examples  of  improve¬ 
ment  by  selection  that  may  be  cited.  It  originated  as  a  pure-line  selec¬ 
tion  made  in  Sweden  from  the  old  unselected  Probsteier  or  Milton  oat 
of  the  Baltic  region  of  Europe.  Other  good  examples  are  the  Richland, 
Markton,  Rainbow,  and  Nortex  (Red  Rustproof),  all  American  varieties. 
Richland  was  selected  in  Iowa  from  Sixty-Day,  a  variety  introduced  from 
Russia  in  1901.  Because  of  the  excellent  resistance  to  stem  rust,  Richland 
became  one  of  the  most  important  varieties  originating  by  selection  ever 
grown  in  the  United  States,  especially  in  the  great  central  oat  belt. 
Markton,  a  well-known  smut-resistant  oat  grown  in  the  Pacific  Northwest 
region,  was  selected  in  Oregon  from  an  unnamed,  mixed  plant  population 
known  only  as  Cereal  Accession  No.  357  which  had  been  introduced  from 
Turkey.  Rainbow,  an  important  stem  rust  resistant  variety  originated  m 
North  Dakota,  as  a  pureline  from  the  old  variety  Green  Russian.  Nortex, 
one  of  the  best-known  of  the  Rustproof  type  varieties  may  be  cited  as  an 
example  of  improvement  by  selection  in  southern  red  oats. 


Hybridization 

The  breeding  of  new  varieties  of  oats  by  hybridization  in  the  Unite 
States  began  in  Vermont  about  1870  but  the  method  did  not  really  come 
into  vogue  extensively  until  around  1920.  Increased  knowledge  of  plant 
genetic!  and  plant  pathology  became  available  shortly  after  the  begin¬ 
ning  of  the  present  century  and  greatly  stimulated  the  cross-breeding  o 
oats  This  method  provided  a  means  of  transferring  rust,  smut,  and  other 
disease  resistance  genes  from  highly  disease-resistant  oats  to  superior. 

high  vielding,  desirable  agronomic  types. 

Backcrossing  is  a  modification  of  the  straight  cross-breeding  method. 
Tims  t .  transfer  a  desirable  character,  such  as  resistance  to  a  particular 
m  of  rust,  to  a  certain  botanical  variety  of  oats,  -'ee^d  progemes  bo 
the  original  cross  that  carried 

type  is  recovered  with  satisfactory  disease  resistance. 
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There  are  many  accessory  procedures  in  oat  breeding  by  hybridization, 
especially  in  breeding  for  disease  resistance.  These  constitute  the  de¬ 
velopment  of  artificial  epidemics  to  infect  and  eliminate  susceptible  prog¬ 
enies,  and  the  growing,  collection,  identification,  and  application  of  the 
necessary  inoculum. 

Stanton  (1937)  summarized  the  results  of  breeding  new  varieties  of 
oats  in  the  United  States,  Canada,  and  nearly  all  other  oat  producing 
countries  in  which  some  important  breeding  work  had  been  in  progress 
and  of  which  results  had  been  made  available.  Many  valuable  varie¬ 
ties  were  recorded  as  originating  by  selection  while  a  relatively  smaller 
number  had  originated  by  hybridization.  This  treatise  stimulated  much 
more  interest  in  the  cross-breeding  of  oats  in  the  years  following  1937. 


PRODUCTION  METHODS  IN  THE  UNITED  STATES 
Growing  the  Crop 

No  other  small  grain  crop  responds  so  well  to  good  cultural  methods  as 
d°  oats-  In  the  Corn  Belt  area  of  the  United  States,  oats  most  frequently 
follow  corn  to  return  the  land  to  grass  or  clover  the  third  year.  Thus  the 
seed  bed  usually  can  be  prepared  simply  by  disking  before  seeding.  In 
the  absence  of  heavy  crop  residues  plowing  is  seldom  necessary.  Further¬ 
more,  plowing  may  result  in  a  rather  loose,  cloddy,  and  undesirable  seed¬ 
bed,  especially  if  the  spring  should  be  wet  and  backward. 

Seeding  as  early  as  the  land  can  be  prepared  in  the  spring  usually  is 
good  farm  practice  under  nearly  all  conditions.  Deferred  sowing  after 
he  optimum  date  may  decrease  yield  as  much  as  three  bushels  per  dav 

f°r  f  Cu  °  d6lay-  Winter  fal1  s™n  oats  should  be  sown  3  to  4 
weeks  before  the  average  date  of  the  first  killing  frost  for  the  section 

Seed  treatment  with  fungicides  for  control  of  oat  smuts  and  other  seed 
home  diseases  is  a  common  practice  among  good  farmers  regardless  n 
Whether  or  not  smut  resistant  varieties  are  being  sown. 

Common  rates  of  seeding  oats  vary  from  8  to  10  pecks  per  acre  The 
increased  to  twelve  pecks  Where  o  t  '  ^  ,rngat,on  i(  is  dually 

J:  - . . .  «* 

Nevertheless,  drilling  is  a  aclrate 

less  seed,  insures  a  more  uniform  distribution,  and  contributes  to  atore 


72 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


complete  coverage  of  the  seed.  Drilling  also  places  the  seed  at  uniform 
depth  in  the  soil,  a  very  essential  requirement  for  uniform  germination 
and  the  assurance  of  even  stands. 

Usually  it  is  more  profitable  to  apply  mineral  fertilizers  or  other  soil 
amendments  to  other  crops  in  the  rotation  than  to  oats,  except  on  the 
poorer  soils.  Under  certain  conditions,  however,  mineral  fertilizers  may 
be  applied  directly  to  the  crop  with  excellent  results.  In  some  sections 
a  greater  acre  return  per  unit  of  fertilizers  usually  can  be  obtained  from 
oats  than  from  wheat  or  corn.  Farm  manure  is  seldom  applied  directly  to 
the  crop  because  of  the  danger  of  excessive  straw  growth  and  conse¬ 
quent  heavy  losses  from  lodging.  Where  soil  amendments  are  needed, 
complete  fertilizers  of  the  formulas  5-10-5,  6-12-6,  or  similar  combina¬ 
tions,  are  applied  at  the  time  of  seeding. 

In  some  sections  good  results  have  been  obtained  from  formulas  such 
as  10-10-10  or  12-12-12  which  in  former  years  were  believed  to  contain 
too  much  nitrogen  and  potassium  in  proportion  to  phosphorus.  In  any 
region  where  soil-building  legumes  are  included  in  the  rotation  and 
supplement  the  nitrogen  content  of  the  soil,  application  of  250  to  300  lbs. 
of  superphosphate  at  the  time  of  seeding  is  an  excellent  treatment  for 
oats.  In  cold,  wet  springs,  light  applications  of  nitrate  of  soda,  ammonium 
nitrate,  or  other  concentrated  nitrogen  fertilizers  will  be  beneficial  to  the 
crop  until  the  soil  warms  up  sufficiently  to  bring  about  soil  nitrification. 
Much  of  the  so-called  “red  leaf”  trouble  of  malnutrition  manifestations  in 
oats  in  the  spring  is  due  to  a  lack  of  readily  available  nitrogen  at  a  criti¬ 
cal  period  in  the  growth  of  the  oat  plant.  Consequently,  nitrogen  alone 
on  the  better  soils  or  a  complete  fertilizer  on  the  somewhat  less  fertile 
soils  applied  at  the  time  of  seeding  should  become  a  more  general  prac¬ 
tice  in  the  growing  of  oats. 

In  the  case  of  winter  oats,  spring  top  dressing  with  nitrogenous  lerti- 
lizers  is  common  practice.  As  a  rule  these  applications  are  made  in  late 
February  or  early  March  at  rates  of  100  to  200  lbs  to  the  acre,  except  for 
ammonium  nitrate.  Because  of  its  higher  percentage  of  nitrogen,  the 
latter  compound  is  used  at  a  lower  rate. 


Harvesting 

In  the  United  States  the  oat  harvest  extends  over  a  period  of  nearly 
four  months,  that  is.  proceeding  from  South  to  North  Harvesting  begins 
in  the  South  with  winter  oats  in  early  May  The  bulk  of  the  spnng-sown 
crop  is  usually  harvested  in  July  and  early  August  depending  ^  the 

latitude.  Following  delayed  seeding  Iater 

spring  weather,  harvesting  may  be  as  late  as  bepum 
in  the  more  extreme  northern  oat  areas. 
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Methods  of  harvesting  oats  are  the  same  as  for  other  small  grains.  The 
machines  for  harvesting  have  been  greatly  improved  in  both  capacity  and 
efficiency  in  recent  decades.  Within  a  period  of  1 5  to  100  years  the 
method  of  harvesting  oats  or  other  small  grains,  has  advanced  from  the 
old-fashioned  cradle  to  the  modern  14-foot  self-propelled  combine  which 
harvests  and  threshes  at  one  operation.  Thus,  in  the  span  of  a  life-time 
the  rate  of  harvesting  oats  has  been  increased  from  1  acre  or  2  per  day  per 
man  to  30  or  more  acres  per  day. 

The  greatest  perfection  in  harvesting  methods  is  attained  with  the 
modern  self-propelled  combine  or  harvester  which  cuts  and  thrashes  the 
grain  and  delivers  the  bulk  grain  to  a  tank  truck  for  hauling  to  the  granary 
or  elevator.  The  fact  must  not  be  overlooked  that  the  binder  is  still  pre¬ 
ferred  in  some  areas  where  small  acreages  of  oats  are  grown.  Also,  it  is 
still  used  in  other  sections  because  the  straw  is  saved  for  roughage  and 
litter,  and  some  farmers  do  not  want  to  take  chances  of  letting  the  oats 
stand  in  the  field  to  become  sufficiently  dry  for  combining.  Binders  are 
also  still  preferred  on  many  irrigated  farms,  due  to  the  small  fields  and  to 
the  obstructions  offered  to  the  convenient  operation  of  the  combine  by 
irrigation  ditches  and  levees. 


f  AKM  STORAGE 

Since  more  than  85  per  cent  of  the  oats  produced  in  the  United  States 
are  consumed  by  livestock  on  the  farms  or  elsewhere  in  the  counties 
where  they  are  produced,  safe  storage  of  oats  on  the  farm  is  very  im¬ 
portant.  In  cash-oat  producing  areas,  such  as  are  found  in  northwestern 
Iowa  and  southeastern  South  Dakota,  a  high  percentage  of  the  commer¬ 
cial  oats  are  hauled  to  local  elevators  or  warehouses  immediately  after 
harvesting.  : 

In  storing  oats,  in  either  farm  granaries  or  in  elevators,  it  is  exceed- 

~  f°  haVC  ‘,le  grata  dry  enouffh  for  safe  storage.  This  means 
7  hould  not  contam  more  than  14  per  cent  moisture  when  run  into 
7  bin  or  elevator.  It  the  oats  contain  excessive  moisture  when  stored 
they  may  become  musty  or  heat-damaged  due  to  the  action  of  molds 

jected  to  proper  natural  aeration  (Collier  1949).  '  ‘ 

I  he  grain  storage  bin  or  granary  should  be  well  built  and  kroner  .  i 

“a ~ T  ,c  ot 

Of  springing  leabsLn 
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less  than  in  the  case  of  wheat.  As  a  rule,  modern  farm  granaries  and 
elevators  are  equipped  with  elevating  machinery,  thus  saving  hand  labor 
and  they  are  so  built  that  the  oats  can  be  removed  conveniently  and 
economically. 

UTILIZATION  OF  OATS 

As  previously  stated,  the  great  bulk  of  the  oat  crop  the  world  over  is 
utilized  as  feed.  In  the  United  States  oats  constitute  an  important  con¬ 
centrate  in  rations  for  horses,  cattle,  sheep,  hogs,  and  poultry.  The  pro¬ 
portion  fed  to  animals  is  probably  even  higher  in  other  countries,  since 
in  no  other  country  are  rolled  oats  (oatmeal)  consumed  to  the  extent 
they  are  in  the  United  States,  except  possibly  in  the  United  Kingdom, 
where  Scotland  is  undoubtedly  the  heaviest  consumer  of  the  celebrated 
Scotch  porridge  made  from  oatmeal.  Incidentally,  it  should  be  men¬ 
tioned  here  that  oatmeal  or  rolled  oats  is  one  of  the  cheapest,  yet  one  of 
the  most  wholesome,  palatable,  and  well-balanced  foods  available  for 
children  and  adults  (Stanton  1948).  Unfortunately,  oats  have  only 
limited  industrial  uses.  Oat  hulls  are  used  in  considerable  quantity  for 
the  production  of  furfural,  a  chemical  which  has  numerous  industrial 
applications. 


YIELD  AND  QUALITY 

These  factors  are  closely  related  since  high  yield  and  quality  have  been 
major  objectives  of  oat  and  plant  improvement  in  general  since  the  time 
man  first  started  to  save  only  the  best  for  seed  by  mass  selection  centuries 
ago.  Undoubtedly  these  objectives  will  continue  to  be  of  the  same  im¬ 
portance  in  the  future,  as  also  is  true  of  breeding  for  disease  resistance 
which  is  related  directly  to  quality.  It  could  not  be  expected  that  dis¬ 
eased  plants  would  produce  other  than  poorly  filled  grain,  or  even  disease 
infected  groats. 

In  recent  years  the  value  of  oats  for  both  feeding  and  milling  purposes 
has  been  lowered  by  a  marked  increase  in  kernel  infection,  especially  of 
Septoria  avenue  in  Wisconsin  and  other  more  northern  corn  belt  states. 
This  disease  results  in  the  presence  of  an  occasional  infected,  black  01 
dark-colored  groat,  or  part  of  a  groat,  that  gives  the  cooked  or  table* 
prepared  rolled  oats  an  unattractive  appearance.  Their  conspicuousness 
is  very  annoying  to  the  homemaker.  However,  it  is  believed  that  the 
occasional  black  groat  has  no  deleterious  effect  on  the  health  of  the  con¬ 
sumer.  It  is  impossible  for  the  mills  to  remove  all  of  these  undesirable 
groats,  hence  a  few  remain  in  the  finished  product  regardless  of  the  great 
efforts  made  by  the  processors  to  avoid  this  contamination. 

As  in  other  small  grains,  test  weight  or  weight  per  bushel,  is  the  one 
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most  important  index  for  the  evaluation  of  grain  quality  in  oats.  In 
most  states  a  test  weight  of  32  lbs.  to  the  bushel  ( Winchester )  is  standard. 
The  percentage  of  groat  to  hull  also  is  an  important  index  of  quality 
and  the  one  that  determines  much  of  their  feeding  and  milling  value. 
As  a  rule,  high  yield  and  high  quality  go  hand  in  hand,  hence  where  there 
is  sufficiently  healthy  plant,  or  straw  growth,  the  development  of  well- 
filled,  plump,  heavy  oats  usually  results. 

As  a  rule,  depending  somewhat  on  the  season,  the  percentage  of  hull  in 
oats  runs  from  25  to  35  per  cent.  Quality  also  depends  somewhat  on  the 
variety  grown.  Some  varieties  are  inherently  higher  producers  of  grain 
than  others,  regardless  of  soil  and  weather.  Most  of  the  varieties  devel¬ 
oped  from  crosses  on  Bond  oats  have  ranked  high  in  bushel  weight  be¬ 
cause  of  their  short,  plump,  thin-hulled  groats.  Such  varieties  yield  a 
high  extraction  of  groats  and  therefore  a  high  percentage  of  rolled  oats. 
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Barley 


INTRODUCTION 


Origin  of  the  Barley  Plant 

Barley,  one  of  the  worlds  oldest  domesticated  grain  crops,  has  been 
widely  used  since  biblical  times.  The  ancient  records  of  barley  cultiva¬ 
tion,  reviewed  by  Weaver  (1950),  show  that  cultivated  varieties  were 
used  by  neolithic  cultures  in  Egypt  between  5000  and  6000  B.C.  Analysis 
of  well-preserved  grain  from  straw-lined  pits  discovered  in  explorations 
showed  that  the  barley  was  very  similar  to  that  presently  cultivated  in 
Egypt  but  distinguishable  from  that  grown  in  Tunis,  Syria,  Persia,  and 
India.  Since  no  great  improvement  in  the  plant  has  taken  place  during 
7,000  years,  it  is  suggested  that  a  very  long  time  must  have  been  required 
for  barley  to  develop  from  the  wild  state  to  that  of  the  specimens  found. 
All  available  records  of  ancient  agriculture  in  Asia  and  Europe  establish 
the  importance  of  barley  for  human  food,  probably  eaten  as  a  porridge 
and  bread,  and  its  use  also  in  the  preparation  of  a  fermented  beer.  It  is 
of  interest,  in  relation  to  origin,  that  the  earliest  described  barleys  were 
all  six-rowed  types.  The  oldest  authentic  records  of  two-rowed  barleys 
are  among  the  Greek  and  Roman  archives  of  about  300  B.C.,  according 
to  Takahashi  ( 1955).  Two-rowed  barley  was  rare  until  the  16th  and  17th 
centuries,  when  it  became  rather  common  in  Europe. 

Two  species  of  wild  barley  in  the  section  Cerealia  Ands.  of  the  genus 
Hordeum  are  the  most  likely  forerunners  of  cultivated  barleys.  Hordeum 
spontaneum  C.  Koch,  a  two-rowed  barley  with  brittle  rachis,  was  first 
described  in  1848  and  is  found  wild  in  areas  of  Southwestern  Asia  and 
Northern  Africa.  A  six-rowed  wild  barley,  Hordeum  agriocrithon  Aberg, 
was  first  found  by  Aberg  in  1938  and  has  since  been  found  in  regions 
along  the  Himalaya  mountain  ranges.  However,  this  may  possibly  be  a 
primitive  cultivated  form,  as  samples  have  been  found  only  in  mixture 
with  seed  samples.  Cultivated  barley  may  have  originated  from  either 


of  the  wild  forms  mentioned  as  they  both  have  14  diploid  chromosomes 
and  cross  readily  with  cultivated  forms,  indicating  complete  compatibility. 
Several  hypotheses  for  the  phylogenetic  development  of  cultivated  forms 
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from  the  above  wild  form  have  been  presented  by  Aberg  ( 1940  and  1948), 
but  actual  facts  are  still  lacking. 

Brucher  and  Aberg  (1950)  suggest  two  major  gene  centers  of  barley 
where  cultivated  varieties  may  have  developed.  One  is  in  Abyssinia, 
where  many  different  kinds  grow  naturally,  and  the  other  is  in  the  high¬ 
lands  of  Sikkim  and  southern  Tibet. 


Importance  in  the  Economy  of  the  United  States 

Adaptability.  Barley  is  certainly  the  most  widely  adapted  cereal  crop 
and  is  possibly  more  widely  adapted  than  any  other  cultivated  crop.  Its 
cultivation  in  Europe  extends  beyond  the  Arctic  Circle,  where  it  reaches 
70  N.  latitude  in  Norway.  To  the  south,  barley  culture  extends  within  a 
few  degrees  of  the  Equator  in  the  high  mountain  regions  of  Ethiopia,  ac¬ 
cording  to  Nuttonson  ( 1957).  In  the  United  States,  barley  is  best  adapted 
to  the  Northern  and  Western  states.  Over  the  long  period  of  its  cultiva¬ 
tion,  geographical  environment  and  efforts  of  man  have  resulted  in  manv 
diverse  types.  There  are  spring  types  that  mature  in  60  to  70  days  and 
winter  types  that  may  require  as  long  as  180  days.  In  general,  barley  is 
able  to  mature  in  a  shorter  season  than  any  other  major  grain  crop  Bar- 
ey  is  not  extremely  winter  hardy,  nor  is  it  favored  by  hot  humid  weather, 
the  most  salt  tolerant  of  all  cereals  according  to  Spector  ( 1956),  and 

i  GSt  adapted  to  alkali  soils-  However,  it  is  best  adapted  to  and 
do^ of'?  r  t"16  S°ik  Pr°fitable  ^  Potion  over  long  pe 

zlsoljw  h:::e:n  confird  to — — age  .s,™,™.  temiz 

average  relative  humidittof  f^tha^sTper  c"  t*^5  °f]35  inCheS’  and 
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BOTANY  OF  THE  BARLEY  PLANT 
Description  of  Plant  and  Seed 

Barley  is  one  of  the  cereal  members  of  the  grass  family.  Winter  and 
spring  types  exist.  The  plant  consists  of  roots,  leaves,  stems  and  flower 
parts.  The  grain  is  produced  in  spikes,  or  heads,  at  the  top  of  the  stems. 
Mature  barley  plants  vary  in  height  from  12  to  48  inches,  the  height  de¬ 
pending  upon  type  or  variety  and  growing  conditions,  but  30  inches  has 
been  given  as  a  usual  height  by  Shands  and  Dickson  ( 1953).  The  flowers 
of  the  plant  are  arranged  in  spikelets  on  the  head  and  are  attached  at 
nodes  of  a  flat  zigzag  rachis,  or  central  stem.  Three  spikelets,  each  with  a 
pair  of  glumes,  are  attached  at  each  node  of  the  rachis  and  successive 
spikelets  are  located  on  alternate  sides  of  the  rachis.  The  spikelet  is  com¬ 
posed  of  the  male  and  female  flower  parts  and  the  rachilla,  enclosed 
within  the  hulls,  which  consist  of  the  lemma  and  the  palea.  The  lemma 
terminates  in  the  awn,  or  beard,  in  awned  varieties,  but  hooded  barleys 
have  short  three-pronged  appendages  instead  of  awns.  The  florets 
open  only  for  a  short  period  at  pollination;  so  barley  is  naturally  self- 
pollinated. 

The  mature  kernel  is  composed  of  hulls  (lemma  and  palea)  enclosing 
the  caryopsis  and  rachilla.  In  most  varieties,  the  hulls  are  cemented  to 
the  caryopsis  and  make  up  a  part  of  the  threshed  kernel.  In  naked  and 
hulless  barleys,  the  kernel  threshes  free  as  does  wheat.  In  six-rowed  bar¬ 
leys,  the  three  spikelets  at  each  node  are  fertile  and  produce  kernels, 
while  in  two-rowed  forms  only  the  central  spikelet  is  fertile  and  develops 
a  grain.  Size,  shape,  and  color  of  the  kernels  vary  widely  depending  upon 
type  and  variety. 


Classification  of  Cultivated  Species 

Plants  of  the  genus  Hordeum  of  the  grass  family,  Gramineae,  have  sim- 
pie  spikes.  The  cultivated  types  of  barley  and  the  two  most  closely  re¬ 
lated  wild  forms  are  included  in  the  section  Cercalio.  Aberg  and  \\  iebc 
(1946)  classify  the  cultivated  barleys  into  three  species  on  the  basis  of 
brittleness  of  the  rachis  and  number  of  kernel  rows  on  the  spike.  They 
also  give  detailed  descriptions  of  taxonomic  characters  for  growth  char¬ 
acteristics  of  the  plant,  spike,  and  kernel  and  include  keys  for  identifica¬ 
tion  of  varieties  commonly  grown  at  that  time.  Plant  and  growth  charac¬ 
teristics  such  as  spring  or  winter,  time  of  heading,  hairiness  of  leaf  sheaths, 
and  collar  shape  at  the  node  beneath  the  spike  are  relatively  constant  fac¬ 
tors  Spike  characteristics  such  as  stigma  hairiness,  number  of  rows  ot 
kernels,  hairiness  of  rachis  edges,  length  of  outer  glume  awns,  and  nature 
of  the  lemma  awn  or  other  appendages  are  considered  most  useful  in 
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identifying  varieties.  Kernel  characteristics,  evident  in  threshed  samples, 
are  also  useful,  and  will  be  discussed  briefly  in  a  later  section. 

Most  of  the  cultivated  barleys  have  been  classified  into  the  two  groups, 
II.  vulgar e  L.,  the  six-rowed  barleys,  and  H.  distich  tun  L.,  the  two-rowed 
types.  Typical  examples  are  given  in  Figure  19. 

In  the  common  six-rowed  barleys,  three  kernels  develop  at  each  rachis 
node.  The  median  kernel  is  slightly  larger  than  the  lateral  kernels  on 
each  side  and  is  symmetrical  in  shape.  The  two  lateral  kernels  are 
twisted.  The  twist  is  more  pronounced  at  the  attachment  end  of  the  ker- 


'  •  1  'IICAL  heads  of  Commonly  Grown  Barleys 

(A)  Six-rowed  Hordeum  vulgare  (B)  Two-rowed  Hordeum  distichum 

^  C“ly  *0 
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approximately  34  mgg  Varietil  witWo  weighing 

blue  aleurone  color  and  nndd’  °T  smoot  1  awns,  white  or 
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in  California,  as  typified  by  the  Atlas  variefe  ’ti  T  “’"’T"'5'  grown 

by  large,  long  kernels  weighing  about  1=;  1  •  characterized 
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Diue  color  of  the  aleurone  when  present  Varia 
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tions  in  color  of  aleurone  and  in  length  and  shape  of  heads  and  kernels 
are  found  in  representatives  of  this  group. 

In  the  common  two-rowed  group,  the  lateral  florets  are  sterile  and 
greatly  reduced.  Only  one  row  of  kernels  develops  on  each  side  of  the 
spike.  The  kernels  are  all  symmetrical  and  more  uniform  in  size  than 
those  of  six-rowed  varieties,  but  the  kernels  that  develop  at  the  base  and 
the  tip  of  the  spike  are  often  somewhat  smaller  than  those  in  the  center. 
The  varieties  Hannchen  and  Hanna,  grown  in  the  intermountain  and 
western  areas  of  the  United  States,  are  typical  of  this  group.  Medium  long, 
relatively  plump  kernels  weighing  35  to  45  mg.,  with  thin,  white,  finely 
wrinkled  hulls  and  with  white  aleurone  are  typical  of  the  group.  Except 
for  kernel  shape  and  size,  variation  in  characters  within  important  varie¬ 
ties  of  this  group  is  less  than  for  the  sLx-rowed  groups. 

Aberg  and  Wiebe  (1946)  gave  the  name  H.  irregular e  to  a  newly  de¬ 
fined  species  of  barley.  The  median  florets  are  fertile,  but  the  proportions 
of  fertile,  sterile,  or  wanting  lateral  florets  vary  considerably.  This  type 
has  been  found  in  Abyssinia  and  probably  originated  there.  The  species 
is  not  represented  by  commercial  varieties. 


PRODUCTION  STATISTICS 


Geographical  Distribution  of  Production 

In  the  World.— Over  the  five-year  period  1952  through  1956  the  esti¬ 
mated  world  production  of  barley  averaged  2.8  billion  bushels.  This 
compares  with  an  average  of  2.4  billion  for  the  five-year  period  1935 
through  1939  and  2.2  billion  for  the  period  1945  through  1949.  The  last 
five  years  (1952  through  1956)  for  which  records  were  available  showed 
a  significant  increase  over  earlier  periods,  and  a  small  gradual  increase 


occurred  each  year. 

Considering  areas  of  the  world,  Europe  produced  the  largest  quanti  y 
of  barley  from  1952  through  1956  followed  in  order  by  Asia,  North 
America,  Africa,  South  America  and  Oceania.  Yearly  production  in 
Europe  varied  between  800  and  1,000  million  bushels  with  appreciably 
larger  amounts  produced  in  1955  and  1956  compared  with  the  previous 
three  years.  The  leading  barley  producing  areas  of  Europe  were  France, 
United  Kingdom,  Denmark,  Western  Germany,  and  Spain  in  the  order  o 
average  production  for  the  five-year  period  1952  through  1956_  Bari  v 
production  in  Asia  averaged  between  800  and  900  million  bushels  over 
the  five  years.  There  was  no  great  increase  in  production  m  Asia  in  1955 
and  1956  in  contrast  to  Europe  and  North  America.  Canada  produced 
more  barley  in  1952  and  1953  than  the  United  States,  but  usually  i 


reverse  is  true. 
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In  the  United  States.— Barley  production  in  the  United  States  in  1957 
was  estimated  at  almost  436  million  bushels,  which  was  16  per  cent  above 
the  1956  crop  and  49  per  cent  above  the  1946  through  1955  average.  The 
ten  largest  producing  states  in  order  of  decreasing  production  were  Cali¬ 
fornia,  North  Dakota,  Montana,  Washington,  Oregon,  Minnesota,  Idaho, 
Colorado,  Kansas,  and  South  Dakota.  Over  the  12-year  period  1946 
through  1957  barley  production  in  California  averaged  slightly  higher  than 
that  in  North  Dakota.  In  1956  North  Dakota  produced  almost  7  million 
bushels  more  than  California. 

The  statistics  for  1957  may  overemphasize  the  westward  trend  in  barley 
production  that  started  about  1829,  according  to  Weaver  ( 1950).  In  1957, 
54  per  cent  of  the  total  production  for  the  United  States  was  in  eight  West¬ 
ern  States,  the  six  listed  previously  plus  Arizona  and  Utah.  Only  27  per 
cent  of  the  crop  was  produced  in  the  seven  North  Central  States  usually 
considered  as  midwestem  malting  barley-producing  states.  The  con¬ 
tinued  dominance  of  the  Red  River  Valley  barley  area  is  indicated  by  the 
large  production  in  North  Dakota,  Minnesota,  and  South  Dakota. 

Chronological  Data  on  Production  in  the  United  States 

The  number  of  acres  harvested,  average  yield  per  acre,  and  total  produc¬ 
tion  of  barley  in  the  United  States  for  the  19-year  period  1939  through  1957 


Table  12 


CHRONOLOGICAL  DATA  FOR  BARLEY  ACREAGE,  YIELD  AND  PRODUCTION  IN 

1939-1957 


THE  UNITED  STATES, 


Yield 


Year 


per  Acre 

Area  Harvested 


Production 


1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 


1,000  Acres 
12,739 
13,525 
14,276 
16,958 
14,900 
12,301 
10,454 
10,380 
10,955 
11,905 
9,872 
11,155 
9,424 
8,236 
8,680 
13,370 
14,564 
12,940 
15,000 


1 9-year  average  12,191 


Bushels 

21.8 

23.0 

25.4 
25.3 

21.7 

22.5 

25.5 

25.5 

25.7 

26.5 
24.0 

27.2 

27.3 

27.7 

28.4 

28.4 

27.5 
29.1 
29.0 

25.8 


1 ,000  Bushels 
278,198 
311,278 
362,568 
429,450 
322,913 
276,275 
266,994 
265,059 
281,868 
315,537 
237,071 
303,772 
257,213 
228,168 
246,723 
379,254 
401,225 
376,873 
435,695 

314,533 
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are  given  in  Table  12.  No  trend  is  evident  in  harvested  acreage  or  pro¬ 
duction  over  this  period.  Increased  seeding  during  World  War  II  is  evi¬ 
dent,  but  a  low  yield  per  acre  in  1942  resulted  in  slightly  lower  production 
in  that  year  than  in  1957.  After  the  war,  barley  acreage  and  production 
held  constant  for  a  time  but  were  reduced  to  new  lows  in  1949,  1951,  1952, 
and  1953.  The  lowest  recorded  acreage  and  production  were  in  1952. 
The  exact  cause  of  this  drop  is  not  clear,  but  it  may  have  resulted  from 
unfavorable  growing  and  harvesting  conditions  which,  in  turn,  would 
result  in  low  prices. 

The  abrupt  increase  in  acreage  and  production  in  1954  coincides  with 
wheat  acreage  restrictions,  and  the  sowing  on  land  normally  devoted  to 
wheat.  This  also  explains,  at  least  in  part,  the  large  increase  in  production 
in  Montana,  Washington,  Oregon,  and  California  since  that  date.  The 
marked  increase  in  average  yield  per  acre  in  1956  and  1957  was  caused  by 
the  increased  production  in  Western  States,  where  yields  are  relatively 
high. 


PRODUCTION  METHODS  IN  THE  UNITED  STATES 


Growing  the  Crop 

For  best  yields  of  good  quality  grain,  barley  should  be  sown  early  in  a 
well-prepared  seedbed  on  adequate  but  not  excessively  fertile  soil.  In 
many  areas  of  spring  barley  production,  fall  plowing  of  the  land  is  recom¬ 
mended.  This  covers  previous  crop  residues  which  may  harbor  disease 
organisms  and  permits  early  seeding  the  following  spring.  Barley  is 
grown  successfully  on  spring-plowed  or  disked  land,  but  spiing  plowing 
may  delay  seeding  date  and  thus  increase  weed  competition  and  disease 


problems. 

Rotation  of  crops  is  generally  good  practice,  and  barley  is  no  exception. 
Where  barley  follows  a  cultivated  crop,  such  as  corn,  weed  competition  is 
reduced  and  residues  of  heavy  fertilization  of  the  corn  are  usually  ade¬ 
quate  for  good  yields.  However,  barley  following  corn  may  he  scabby 
unless  the  cornstalks  are  plowed  under.  Where  barley  is  planted  on 
plowed  legume  hay  land,  excessive  soil  nitrogen  may  result  in  lodging.  In 
lower  rainfall  areas  where  summer  fallowing  is  practiced,  barley  usually 
is  sown  on  fallow  land  which  supplies  more  moisture  and  fertility. 

'  Barley  is  seeded  with  grain  drills  at  a  rate  of  about  one  and  one-half 
bushels  per  acre.  This  rate  may  be  increased  or  decreased  somewha  t 
pending  upon  soil  moisture  and  fertility,  time  of  seeding  and  prevalence  of 
weed  seeds.  Where  grasses  or  legumes  are  seeded  with  barley  as  a  com- 
Tnion  crop  the  seeding  rate  may  be  reduced  to  lessen  its  competition 
with  the  grass  or  legume  seedlings.  Tire  depth  of  seeding  should  be  from 
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i/«  to  IV2  inches.  This  will  depend  upon  soil  type  and  condition  and 
surface  moisture  supply. 

The  use  of  fertilizers  for  barley  is  increasing.  Phosphorus  and  potas¬ 
sium  are  rather  commonly  applied  to  some  soils,  but  frequently  increased 
yields  have  resulted  from  nitrogen  applications  of  25  to  50  lbs.  per  acre 
drilled  with  the  grain.  In  the  production  of  barley  for  malting,  heavy 
applications  of  nitrogen  may  increase  barley  protein  and  reduce  malting 
quality.  Heavy  nitrogen  fertilization  often  results  in  lodging  of  the  plants, 
and  this  interferes  with  normal  development  of  the  grain. 

The  time  of  seeding  varies  with  location.  Most  winter  barleys  are  sown 
between  September  15  and  the  last  of  October.  Spring  barleys  are  sown 
from  April  1  to  May  15,  or  about  as  early  as  the  land  can  be  prepared.  In 
California,  barleys  with  a  spring-growth  habit  are  sown  from  late  October 
until  mid-January,  and  thus  are  grown  as  a  winter  crop. 

Harrowing  of  barley  to  control  weeds  is  not  beneficial  to  the  crop. 
When  broadleafed  weeds  develop  early  before  the  shade  from  the  grain 
leaves  prevents  their  rapid  growth,  spraying  with  commercial  formula¬ 
tions  of  2,4-D  is  now  commonly  used.  The  most  favorable  time  to  spray 
for  weed  control  is  when  the  grain  is  8  to  12  inches  tall. 


Harvesting 

Barley  should  be  harvested  only  when  the  grain  is  fvdly  ripe.  This  is 
especially  important  in  the  growing  of  barley  for  malting.  When  the 
straw  is  completely  yellowed,  the  kernels  feel  dry  to  the  hand  and  snap 
when  bitten,  the  grain  moisture  will  usually  be  between  14  and  16  per 
cent.  Grain  harvested  at  14  per  cent  moisture  or  less  will  usually  keep  in 
the  bin  in  the  cooler  parts  of  the  United  States. 

Combining  is  the  cheapest  method  of  harvesting  and  is  used  almost  ex¬ 
clusively  in  large  acreage  production.  If  ripening  and  drying  conditions 
are  good,  the  standing  grain  will  be  combined  directly.  In  fields  where 
ripening  is  not  uniform  or  where  many  green  weeds  are  present,  the  grain 
is  cut  with  a  windrower  and  laid  in  swaths  on  a  long  stubble.  After  one 
or  more  days  of  drying,  a  pickup  attachment  elevates  the  grain  to  the  com¬ 
bine  for  threshing.  Grain  in  windrows  deteriorates  more  rapidly  than 
standing  grain  during  rainy  weather,  but  will  be  of  better  quality  if  no 

Some  grain  is  cut  wit],  a  binder  in  areas  in  which  barley  is  grown  in 
mal]  acreages,  such  as  Wisconsin.  The  bundles  are  shocked  in'  the  field 

mV  T  It  ha"  ed  t0  a  fhreshinK  machine  for  separation.  This  per- 
piling  the  straw  in  a  convenient  location.  However,  if  small  mobile 
lalmg  equipment  is  available,  the  straw  from  the  combine  can  be  picked 
up,  baled,  and  stored  in  this  manner  for  feed  or  bedding. 
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With  either  method  of  harvesting,  the  separator  must  be  properly  ad¬ 
justed  to  thresh  the  grain  cleanly  without  excessive  skinning  or  breaking 
of  the  kernels.  This  is  especially  important  for  barley  produced  for  seed 
or  malting,  as  damaged  kernels  will  not  germinate  properly. 


Storage 

At  present,  most  barley  is  stored  in  bulk  in  bins  of  various  sizes  from  a 
few  hundred  to  many  thousand  bushels.  For  safe  storage  of  large  quanti¬ 
ties  for  long  periods  grain  should  have  a  moisture  content  of  less  than  13 
per  cent  according  to  Tuite  and  Christensen  (1955).  Freshly  harvested 
grain  with  a  moisture  content  above  14  per  cent  may  heat  and  go  out  of 
condition.  Usually  moisture  is  not  evenly  distributed  in  harvested  grain, 
and  small  areas  may  be  wet  enough  to  permit  development  of  mold.  This 
localized  mold  growth  raises  the  temperature  and  moisture  content  still 
higher  and,  if  it  is  allowed  to  continue,  the  entire  lot  may  heat  and  go  out 
of  condition.  Only  moderate  development  of  storage  molds  and  increases 
in  temperature  and  moisture  will  destroy  the  germination  ability  of  barley 
and  give  it  a  musty  odor  if  allowed  to  continue.  Barley  that  is  to  be  used 
for  seed  or  malting  requires  close  watching  and  special  care  in  storage. 

Freshly  harvested  grain  is  usually  watched  carefully  and,  if  a  significant 
rise  in  temperature  is  noted,  it  is  moved  from  one  bin  to  another  which 
cools  the  grain  and  mixes  the  damp  and  dry  portions.  If  very  wet  it 
should  be  dried  artificially.  Elevators  for  storage  of  malting  barley  are 
equipped  with  temperature-recording  facilities  at  frequent  intervals  in  the 
bins  to  aid  in  detecting  the  start  of  heating.  A  few  large  growers  are  in¬ 
stalling  driers  to  reduce  the  moisture  of  directly  combined  gram  to  a  sate 
storage  moisture.  Great  care  and  control  of  conditions,  especially  tem¬ 
perature,  are  required  to  prevent  destruction  of  germination  capacity  ot 

the  grain. 

UTILIZATION  OF  BARLEY  IN  THE  UNITED  STATES 


Animal  Feed 

The  major  use  of  barley  in  the  United  States  is  for  animal  feed^  Over 
the  ten  vear  period  1947  through  1956  approximately  53  per  cent  ot  he 
d  production  of  barley  was  used  for  this  purpose.  A  comparable 
X  for  the  previous  ten-year  period  1937  through  1946  was  66  per  cent. 

hut  thjs^inc^u^jj,^  J^J^J'i^^i^^ljj'^hei-^ed^naterials 

for™  !  fatm  animals  but  is  especially  prized  as  a  feed  for  bacon  hogs  and 

other  concentrates  or  grains  for 
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feeding  or  may  be  steamed  and  rolled  to  produce  a  flake  Recently, 
Dinusson  (1957)  in  North  Dakota  found  that  the  pelleting  of  barley  in¬ 
creased  fts  payability  and  efficiency  as  a  feed  for  bogs.  Malt  sprouts, 
brewers’ grains  and  distillers  grains  are  important, bar  ey  y  pro  uc 
for  livestock  from  the  malting,  brewing,  and  distilling  industries,  respec¬ 
tively. 


Industrial  Uses 

The  major  industrial  use  of  barley  is  the  production  of  malt.  In  the 
ten-year  period  mentioned  in  the  preceding  section,  the  quantity  used  for 
this  purpose  varied  from  22  to  39  per  cent  of  the  crop,  the  proportion  de¬ 
pending  upon  total  production  and  quality  of  the  grain.  The  average 
utilization  for  this  purpose  was  32  per  cent.  Total  usage  varied  from  a 
low  of  88  million  bushels  in  1954  to  a  high  of  101  million  bushels  in  1950. 

Specific  varieties  of  three  types  grown  in  definite  areas  of  the  country 
are  usually  used  for  malting.  The  six-rowed  Manchuria  type,  exemplified 
by  the  varieties  Kindred,  Traill,  and  Montcalm,  and  grown  in  the  North 
Central  states  supplies  80  to  90  per  cent  of  the  barley  for  malting.  In 
years  when  the  production  and  quality  of  barley  from  this  area  are  low, 
Canadian  barley  is  imported  to  meet  the  requirement.  About  10  million 
bushels  of  the  two-rowed  varieties  Hannchen  and  Hanna,  grown  in  specific 
areas  of  Oregon,  California,  Washington,  and  Idaho,  are  required  annually 
for  malting.  Somewhat  smaller  quantities  of  the  six-rowed  Coast-type 
barley  Atlas  grown  in  the  valleys  of  central  California  are  used  for  malt 
production.  In  the  Western  States,  production  of  good  quality  grain  is 
usually  in  excess  of  the  amount  required.  In  recent  years,  about  85  per 
cent  of  the  malt  production  is  used  for  beer  manufacture,  slightly  less  than 
ten  per  cent  for  alcohol  and  whiskey,  and  somewhat  over  five  per  cent  for 
food  uses. 


Human  Food 

The  uses  of  barley  and  barley  products  according  to  Phillips  and  Boer- 
ner  (1935)  are  as  listed  on  page  86. 

The  many  food  uses  of  barley  and  malt  excluding  malt  beverages  utilize 
somewhat  less  than  ten  million  bushels  of  barley  annually.  An  estimated 
three  million  bushels  is  used  for  production  of  pot  and  pearl  barley,  and 
small  quantities  of  barley  flour  are  used  for  baby  foods.  Two-rowedvari- 
eties  grown  in  western  areas  that  produce  large  plump  kernels  are  pre¬ 
ferred  for  pearling. 

Food  uses  of  malt  are  numerous,  but  the  quantities  used  are  small  A 
number  of  types  of  malt  syrups  for  specific  uses,  malted-milk  concentrates 
enzyme  supplementation  of  wheat  flour,  and  breakfast  foods  are  typical 
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Uses  of  Barley  and  Barley  Products 


Feed 

Livestock 

Poultry 

Export 

Feed 

Malting 


Pearling 

Pot  barley  )  c 

Pearled  barley  f  for  S0UPS  and  dressings 
Flour 
Feed 
Milling 

Flour  for  baby  foods  and  food  specialties 
Grits 
Feed 
Malting 

Brewers’  beverages 
Brewers’  grains  for  dairy  feeds 

Brewers’  yeast  for  animal  feed,  human  food,  and  fine  chemicals 
Distillers’  alcohol 
Distillers'  spirits 

Distilleis,  grains  lfor  livestock  and  poultry  feeds 
Distillers  solubles  | 


Specialty  malts 
High  dried  | 


s 


for  breakfast  cereals,  sugar  colorings,  dark  beers,  and 
coffee  substitutes 


Dextrin 
Caramel 
Black 
Export 

Malt  flour  for  wheat  flour  supplements,  human  and  animal  food  pioducts 
Malted  milk  concentrates  for  malted  milk,  malted  milk  beverages,  and 

infant  foods  , 

Malt  syrups  for  medicinal,  textile,  baking  uses,  and  for  breakfast  cereals  and 

candies 

Malt  sprouts  for  dairy  feeds,  vinegar  manufacture,  and  industrial  fermenta¬ 
tions  _ 


examples.  As  malt  is  used  for  flavor  or  enzyme  action  in  most  cases,  rela¬ 
tively  low  concentrations  are  employed. 


COMPOSITION  OF  BARLEY  AND  QUALITY  TES  TS 

Structure  of  Barley  Kernel  and  Methods  for  Identification  of  \  arieties 

A  typical  hulled  barley  kernel  from  the  outside  inward  is  composed  of 
lemma  and  palea  enclosing  and  cemented  to  the  caryops.s  Ore  rachdh 
lies  within  the  crease  of  the  kernel  near  the  base  and  on  tn 
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I*ig.  20.  Median  and  Lateral  Kernels  of  Midwest¬ 
ern  Six-Rowed  Barley  Variety  Kindred 


piilea  side.  It  is  covered  with  long  or  short  hairs.  The  lemma  is  five- 
nerved  and  somewhat  angled  at  the  nerves.  The  lateral  and  marginal 
nerves  may  have  numerous  or  few  small  teeth  or  may  be  smooth.  "  The 
lemma  may  have  a  depression  consisting  of  a  transverse  crease  at  its  base 
just  above  the  point  of  attachment.  The  caryopsis  is  composed  of  peri¬ 
carp,  integuments,  starchy  endosperm,  and  germ.  The  outer  layer  of  the 
endosperm  is  made  up  of  the  aleurone  cells.  In  blue  barleys,  the  antho- 
cyamn  pigment  is  blue  in  the  alkaline  aleurone  cells,  while  the  same  pig- 
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Fig.  21.  Median  and  Lateral  Kernels  of  Western 
Six-Rowed  Barley  Variety  Atlas 


ment  in  the  pericarp  or  hull  appears  as  red.  The  aleurone  of  many  varie- 

ties  is  colorless.  c  .  ,  , 

The  germ  is  partly  imbedded  in  the  endosperm  at  the  base  ol  the  kernel 

on  the  lemma  or  dorsal  side  and  is  held  at  an  oblique  angle  to  the  axis  of 
the  kernel.  The  germ  is  composed  of  the  embryonic  ax.s  which  develops 
into  the  seedling  at  germination,  and  the  adjacent  scutt  nm. 
structure5  s ecr etes  enlymes  that  hydrolyze  constituents  of  the  endosperm 


which  nourish  the  growing  seedling. 

Threshed  samples  of  some  major  varieties 


can  be  distinguished  from 
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Fig.  22.  Kernels  of  Western  Two-Rowed  Barley 
Variety  Hannchen 

each  other  with  ease,  while  others  can  be  distinguished  only  with  diffi¬ 
culty.  Two-rowed  varieties  with  all  symmetrical  kernels  are  distinguished 
from  six-rowed,  in  which  one-third  of  the  kernels  are  symmetrical  and 
two-thirds  are  twisted  and  slightly  smaller.  Aberg  and  Wiebe  (1946) 
have  further  separated  the  two  types  into  groups  on  the  basis  of  length 
of  rachilla  hairs,  length  of  kernel,  kernel  color,  number  of  teeth  on  lateral 
and  marginal  lemma  nerves,  and  shape  of  lemma  base.  Additional  char¬ 
acters  are  suggested  for  distinguishing  varieties  within  the  groups. 

Varietal [  examples  of  the  three  major  malting-barley  types  are  described 
here  and  illustrated  in  Figs.  20,  21  and  22.  Hannchen  has  covered  kernels, 
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all  symmetrical  ( two-rowed ) ,  white,  long-haired  rachilla,  lemma  base  with 
depression,  and  no  to  few  teeth  on  lateral  lemma  nerves  and  few  to  several 
on  marginal  nerves.  The  hulls  are  finely  wrinkled. 

Kindred  has  covered  kernels,  one-third  symmetrical,  two-thirds  twisted 
(six-rowed),  short  to  midlong  white  kernels,  short-haired  rachilla,  rough 
awns,  numerous  teeth  on  lateral  and  marginal  lemma  nerves. 

Atlas  has  covered  kernels,  one-third  symmetrical,  two-thirds  twisted 
(six-rowed),  long  blue  kernels,  short-haired  rachilla,  numerous  teeth  on 
lateral  and  marginal  lemma  nerves.  The  three  varieties  described  above 
could  be  easily  distinguished  from  one  another  in  threshed  grain  samples, 
but  distinguishing  Kindred  from  the  feed  variety  Tregal,  which  falls  in  the 
same  classification  group,  is  very  difficult.  Very  recently,  Malting  Barley 
Improvement  Association  ( Anon.  195 1  )  published  a  barley  variety  dic¬ 
tionary  to  aid  in  identification  of  commercial  varieties. 

Chemical  Composition  for  Feed  and  Food  Uses 

The  major  use  of  barley  is  for  animal  feed.  Typical  proximate  analyses 
of  three  types  as  given  by  Dickson  and  Kneen  ( 1952 )  have  been  modified 
somewhat  in  Table  13.  Feed  barleys  from  drier  production  areas  would 
be  slightly  lower  in  kernel  weight,  higher  in  protein,  and  proportionately 
lower  in  nitrogen-free  extract.  Although  barley  is  used  primarily  as  a 


Table  13 

TYPICAL  PROXIMATE  COMPOSITION  OF  THREE  TYPES  OF  BARLEY1 


Midwestern  six- 
rowed 

California  six- 
rowed 

Western  two- 
rowed 


Kernel 

Weight 

Hull 

Protein 

Fat 

Starch 

Fiber 

Ash 

Nitrogen- 

Free 

Extract 

Mg. 

Per  cent 

Per  cent  Per  cent  Per  cent 

Per  cent  Per  cent 

Per  cent 

34 

12 

12 

2.0 

58 

5.7 

2.7 

66.6 

45 

14 

11 

2.0 

58 

6.6 

3.0 

65.4 

40 

10 

10 

2.0 

60 

5.2 

2.5 

72.3 

i  Adapted  from  a  section  ny  LncKson  York 

copyright  1952  by  Interscience  Encyclopedia,  Inc.,  New  10  k. 

r  „rLnLvdrate  the  protein  content  is  of  considerable  importance. 
Wnlingto  Orr  and  Watt  (1957),  barley  contains  signiBcant  amounts 
of  19  amino  acids,  but  in  common  with  other  -eal  granis  ow  the 

essential  amino  acids  lysine  and  methionine  The  mne^ess^  ^ 

acids  in  pure  varieties  of  wheat,  barley,  am  ■  8  total 

were  determined  by  McElroy  e  at  ( 1949).  ' ^ 

nitrogen  contributed  by  lysine  decreasec  as  _ 

These  workers  found  that  the  proteins  from  oats  and  bailey 
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what  higher  in  lysine  than  those  from  wheat.  Recent  work  has  indicated 
increased  growth  rates  of  animals  when  barley  is  supplemented  wit 

lysine.  , 

Average  percentage  carbohydrate  composition  of  European  two-rowed 

barleys  as  given  by  Preece  (1954)  is:  starch  62.0;  reducing  sugars  1.0, 
nonreducing  sugars  1.5;  pentosans  9.5;  and  cellulose  5.0.  In  six-rowed 
barleys,  one  would  expect  to  find  somewhat  lower  quantities  of  starch 
and  larger  amounts  of  pentosans  and  cellulose. 

In  studying  the  nutritional  value  of  western-grown  barley  for  young 
chicks,  McGinnis  (1958)  recently  showed  increased  growth  rate  and  food 
efficiency  when  ground  barley  is  steeped  in  water,  dried,  and  incorporated 
into  the  feed.  This  effect  has  been  ascribed  to  increased  carbohydrate 
utilization,  and  supplementation  with  crude  alpha-amylase  and  other 
enzymes  has  given  a  similar  response.  The  exact  cause  of  this  response 
must  await  further  study,  for  rapid  production  of  enzymes  in  steeped 
ground  grain  appears  to  be  unlikely. 

According  to  Schultz  et  al.  ( 1941),  barley  is  slightly  higher  than  wheat 
and  slightly  lower  than  oats  in  thiamin  content.  Ranges  in  values  over  a 
relatively  large  number  of  samples  in  micrograms  per  gram  were  wheat 
4.2  to  7.3,  barley  4.7  to  9.2,  and  oats  4.8  to  10.3.  Davis  et  al.  ( 1943)  found 
similar  values  for  wheat  and  barley  in  thiamin,  5.6  and  5.7,  respectively, 
and  in  riboflavin,  1.0  and  0.9  respectively;  higher  values  for  barley  than 
wheat  in  nicotinic  acid,  86.3  and  58.6  respectively;  and  higher  values  for 
wheat  than  barley  in  pantothenic  acid,  7.9  and  4.5  microgram  per  gram 
respectively.  Malting  increased  riboflavin  content  about  threefold  but 
had  only  a  small  influence  on  the  other  B  vitamins.  Seven  barley  samples 
varied  in  choline  content  from  0.96  to  1.20  mg.  per  gm.,  according  to 
Click  (1945).  Similar  values  were  found  for  oats  and  flax,  but  slightly 
lower  quantities  for  wheat. 


Physical  and  Chemical  Requirements  for  Malting 

Malting  is  the  second  largest  use  for  barley  and  requires  almost  100- 
million  bushels  annually.  Significant  quantities  of  wheat  and  small 
amounts  of  rye  are  malted  in  the  United  States,  but  the  major  malting 
giain  is  barley.  Tradition  may  have  contributed  somewhat  to  this  use,  but 
the  major  reasons  are  related  to  the  structure,  composition,  and  physi¬ 
ology  of  the  grain.  The  barley  grain  is  somewhat  firmer  in  structure  and 
softens  less  than  wheat  and  rye  during  the  steeping  and  germination 
phases  ol  malting.  The  attached  hulls  protect  the  plumule  of  the  germ 
as  .t  grows  under  the  hull  until  the  tip  of  the  kernel  is  reached.  In  skinned 
kernels  where  the  plumule  is  exposed  it  is  likely  to  be  damaged,  and  nor¬ 
mal  malting  and  modification  of  the  kernel  may  be  interrupted  This 
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same  situation  exists  in  wheat  and  rye  which  thresh  free  from  the  hulls. 

Good  malting  barleys  should  be  plump  and  well  filled,  moderately  low 
in  protein,  and  capable  of  vigorous  uniform  gennination.  They  should  be 
free  of  disease,  excessive  staining  or  weathering,  and  high-temperature  or 
moisture  damage  during  storage.  During  the  malting  process,  the  barleys 
should  be  capable  of  desirable  physical  and  chemical  modification,  acti¬ 
vation  and  production  of  desired  levels  of  several  enzyme  systems  all  with 
a  minimum  loss  of  dry  material  through  respiration  and  rootlet  develop¬ 
ment.  Adequate  hydrolysis  of  proteins  and  starch  to  permit  the  develop¬ 
ment  of  desirable  flavor  during  kilning  of  the  malt  by  the  browning  reac¬ 
tion,  and  without  development  of  excessive  color,  is  essential. 


Tests  for  Malting  Quality 

The  malting  quality  of  hybrid  selections  or  new  varieties  can  be  pre¬ 
dicted  with  a  reasonable  degree  of  accuracy  by  determination  of  barley 
kernel  weight,  kernel  size  assortment,  using  standard  sieves,  and  harley 
protein  content.  Barley  extract  is  determined  by  using  a  supplementary 
source  of  enzymes  to  hydrolyze  the  barley  compounds.  Beta-amylase 
exists  partly  free  and  partly  in  a  bound  form  in  barley,  and  the  latter  can 
be  freed  in  finely  ground  samples  by  a  proteolytic  enzyme  such  as  papain 
or  by  sulfhvdryl  compounds.  Extraction  with  papain  is  employed  in  the 
determination  of  diastatic  power. 

A  more  reliable  evaluation  of  quality  requires  experimental  malting  of 
the  barley.  Rate  and  uniformity  of  water  absorption  in  the  steep  and 
germination,  as  well  as  the  percentage  loss  of  dry  matter  in  the  piocess, 
can  be  obtained.  The  malt  is  analyzed  for  extract  or  total  soluble  constit¬ 
uents  after  mashing  with  water  under  a  prescribed  temperature  and  time 
schedule.  Filtration  of  the  mash  gives  an  extract,  called  wort.  The 
amount  of  soluble  nitrogen  in  the  wort  in  relation  to  that  in  the  malt  serves 
as  an  indication  of  protein  breakdown  during  malting  and  mashing  anc  is 
a  rough  measure  of  proteolytic  activity.  Beta-amylase  is  freed  during 
malting  and  can  be  extracted  directly  from  the  ground  malt.  Alpha- 
amylase,  which  is  essentially  non-existent  in  normal  barley,  is  synthesized 
during  malting  and  can  be  extracted  and  determined.  Standardized  pio- 
cedures  for  the  methods  mentioned  have  been  developed  by  the  American 
Society  of  Brewing  Chemists  (Anon.  1958).  Typical  analyses  of  malts 
from  the  three  types  of  malting  barley  as  reported  by  Dickson  and  kneen 

( 1952)  are  given  in  Table  14.  . 

Until  more  complete  information  is  available  on  the  chemistry  of  bar  ey 
an(i  the  biochemistry  of  the  malting  and  brewing  processes,  final  quality 
Valuation  of Tdey  requires  experimental  malting  and  pilot-p  ant  brew¬ 
ing  of  the  malt.  The  best  and  most  widely  used  method  tor  bar  ey  qua  i  > 
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Table  14 


Analytical  Item 


Kernel  weight,  dry  basis,  mg. 

Growth,  length  of  acrospire 
O-V4,  per  cent 
V4-V2,  per  cent 
1  /z— 3 * */4,  per  cent 
3/4— 1 ,  per  cent 
Overgrown,  per  cent 
Assortment : 

on  7/ 64  screen,  per  cent 
on  6/ 64  screen,  per  cent 
on  s/e4  screen,  per  cent 
through  screen,  per  cent 
Moisture,  per  cent 

Extract,  fine  grind,  dry  basis,  per  cent 
Extract,  coarse  grind,  dry  basis,  per  cent 
Difference,  per  cent 
Color,  in.  cell,  Lovibond  S.  52 
Total  protein,  dry  basis,  per  cent 
Soluble  protein  as  per  cent  of  total 
Diastatic  power,  dry  basis,  °L 
Alpha-amylase,  dry  basis,  20°  units 


THREE  TYPES  OF  BARLEY1 * 

idwestern 

California 

Western 

x-Rowed 

Six-Rowed 

Two-  Rowed 

29.0 

39.0 

37.0 

2 

3 

2 

3 

8 

4 

9 

15 

10 

83 

74 

83 

3 

0 

1 

28 

68 

85 

54 

26 

10 

16 

6 

1 

2 

0 

0 

4.5 

4.7 

4.5 

76.0 

76.4 

80.5 

74.0 

74.0 

79.0 

2.0 

2.4 

1  .5 

1  .4 

1.3 

1  .0 

12.0 

11.0 

10.0 

38.0 

32.0 

38.0 

125 

60 

100 

21 

18 

20 

1  Adapted  from  a  section  by  Dickson  and  Kneen  in  Vol.  8  of  the  Encyclopedia  of  Chemical  Technology 
copyright  1952  by  Interscience  Encyclopedia,  Inc.,  New  York. 


evaluation  is  by  observations  on  the  processing  performance,  analysis  of 
resulting  worts  and  beers,  and  determination  of  characteristics  of  the  final 
beers.  The  malting  and  brewing  industries  are  cooperating  with  State  and 
Federal  workers  in  an  extensive  program  for  the  development  and  evalua¬ 
tion  of  improved  malting  barleys  for  the  United  States  and  Canada. 
Methods  for  barley  quality  evaluation  were  recently  reviewed  by  Dickson 
and  Burkhart  ( 1956 ) . 


Composition  in  Relation  to  Malting 

Preece  (1954)  recently  reviewed  this  subject,  and  a  few  of  the  major 
constituents  will  be  discussed  briefly  here.  The  four  groups  of  proteins  as 
given  by  Osborne  more  than  60  years  ago  have  been  shown  by  modern 
methods  to  be  composed  of  a  much  larger  number  of  compounds.  Salt- 
soluble  barley  globulin  has  been  shown  to  be  a  mixture  of  four,  designated 
as  alpha,  beta,  gamma,  and  delta.  Barley  appears  to  be  the  only  cereal 
that  contains  beta  and  delta  globulin.  The  former  is  resistant  to  modifica¬ 

tion  during  malting  and  brewing  and  may  be  important  in  formation  of 

hazes  in  beer.  Water-soluble  albumin  and  alcohol-soluble  hordein  have 
also  been  shown  to  be  mixtures  of  several  proteins.  Beta-amylase  is  a  con¬ 
stituent  of  the  albumin  fraction,  while  alpha-amylase  appears  to  be  in  the 

globulin  group.  The  alcohol-soluble  hordein  fraction  is  most  completely 
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degraded  during  malting,  forming  soluble  nonprotein  substances.  Eight¬ 
een  to  twenty  amino  acids  have  been  found  free  in  barley,  and  the  quan¬ 
tity  of  all  increases  greatly  during  malting. 

Barley  starch  has  been  shown  to  be  similar  to  that  from  other  cereal 
grains.  Recent  work  has  shown  that  the  hemicelluloses  and  especially  the 
barley  gums  may  be  important  in  barley  and  malt  quality. 

Many  different  enzyme  systems  are  important  in  the  respiration  and 
germination  of  barley  and  are  produced  during  the  malting  process.  It 
would  appear  that  only  beta-amylase  is  abundant  in  normal  barley.  It  is 
also  high  in  wheat  and  rye,  but  is  much  less  abundant  in  oats.  Alpha- 
amylase  is  absent  or  nearly  so  in  barley,  but  is  produced  during  germina¬ 
tion  by  all  cereal  grains. 
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CHAPTER  5 


H.  L.  Shands 


HISTORY  OF  RYE  CULTIVATION 

Rye  is  among  the  less  important  cereal  crops  of  the  Americas,  but  it  is 
of  major  importance  in  Europe  where  it  is  used  as  a  bread  grain.  The 
exact  time  that  rye  was  brought  under  cultivation  is  not  known.  It  is 
thought  to  be  one  of  the  crops  more  recently  domesticated.  Whether  it 
is  more  recent  than  the  hexaploid  bread  wheats  is  a  matter  of  speculation. 
Rye  seeds  have  not  been  found  in  the  excavations  of  the  cliff  dwellers  or 
early  Egyptians  nor  was  the  crop  pictured  on  early  coins  as  was  barley 
and  emmer.  Vavilov  (1926)  thought  that  cultivated  rye  arose  from  the 
rye-weed  originally  growing  in  crops  of  barley  and  wheat.  Cultivation 
of  the  crop  probably  started  before  the  Christian  era. 

As  cited  by  Kranz  (1957),  Zhukovsky  and  Schiemann,  suggested  that 
cultivated  rye  may  have  arisen  from  the  two  independent  sources,  Secale 
ancestrale  Zhuk,  and  the  wild  types  of  Secale  montanum  Guss.  Kuckuck 
and  Kranz  (1957)  after  studying  Iranian  rye  populations,  suggested  that 
cultivated  rye  may  have  originated  from  several  sources  as  hypothesized 
by  Roshevitz  (1947).  He  indicated  that  perennial  wild  ryes  could  have 
given  rise  to  annual  wild  ryes  which  in  turn  could  have  been  the  fore¬ 
runners  of  cultivated  rye. 

Vavilov  stated  that  rye  was  undoubtedly  introduced  into  cultivation 
simultaneously  and  independently  at  many  localities.  He  found  greatest 
botanical  diversity  in  Afghanistan,  Persia,  Transcaucasia,  Asia  Minor  and 
Turkestan,  finding  as  many  as  18  botanical  varieties  in  Afghanistan.  Zhu¬ 
kovsky  (cited  by  Vavilov)  found  14  varieties  in  Georgia  and  Armenia. 
The  weed-rye  of  Afghanistan,  Persia,  and  Turkestan  hac  types  wi 
closely  investing  lemmas,  non-shattering  spikes,  and  had  adpressed  awns. 
The  weed-ryes  of  Armenia  and  Asia  Minor  had  spreac  ing  awns  wi  i 

non-invested  kernels  that  resembled  cultivated  ryes. 

The  cultivated  winter  rye  may  have  entered  Europe  from  two  source 
according  to  Vavilov.  One  was  from  Transcaucasia  and  the  other  from 
Turkestan,  Afghanistan  and  adjoining  regions.  Then  it  probably  spread 
northward  during  times  when  cultura.  practices  were  unrefined  and  ^ 
ably  was  often  sown  in  preference  to  wheat  because  rye  cor, Id  w.thstand 

more  adversities. 
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Adversity  is  no  stranger  to  rye  even  to  the  present  day.  Vavilov  stated 
that  the  peoples  of  Persia  and  Afghanistan  considered  rye  to  be  a  noxious 
weed  and  found  it  difficult  to  control.  One  reason  it  was  considered  nox¬ 
ious  was  that  the  seeds  were  difficult  to  separate  from  that  of  wheat.  As 
late  as  1925  the  Board  of  Agriculture  of  northern  Caucasus  recommenc  ec 
mowing  down  rye  while  in  bloom,  but  cautioned  not  to  injure  wheat. 
Farmers  who  adopted  this  practice  in  1925  were  freed  of  taxes.  Such  an 
inducement  in  the  western  world  today  might  have  far-reaching  effects 
in  reducing  this  crop. 

Because  of  its  competitive  ability  among  other  plants,  rye  may  have 
increased  at  the  expense  of  wheat  acreage  in  northern  Europe  for  a  period 
of  several  centuries  until  better  adapted  wheats  or  better  cultural  practices 
were  found  for  wheat.  For  more  than  100  years  rye  has  been  losing 
acreage  in  European  countries  and  the  end  may  not  yet  be  in  sight.  Jasny 
(1940)  pointed  out  that  the  use  of  rye  for  bread  permitted  many  econo¬ 
mies  in  baking,  merchandising,  etc.;  yet  the  taste  for  and  desire  for  rye 
bread  was  diminishing  in  heavy  rye-producing  European  countries. 
Ljung  (1948)  indicated  that  Sweden  grew  rye  and  wheat  in  a  ratio  of 
4  to  1  at  the  beginning  of  the  twentieth  century  but  that  by  1948  wheat 
production  was  about  equal  to  rye  in  that  country.  The  trend  has  been 
the  same  in  the  western  hemisphere.  Yet  there  are  vast  areas  in  the  Old 
World  where  rye  is  certainly  the  most  dependable  grain  crop  and  un¬ 
doubtedly  it  will  remain  popular. 

Rye  was  introduced  into  northeastern  United  States  during  colonial 
times  by  English  and  Dutch  settlers  according  to  Collier  (1949).  From 
this  area  rye  spread  southward  and  westward  where  acreage  rose  for  a 
period  of  years,  but  more  lately  receded. 

CHRONOLOGICAL  DATA  OF  RYE  PRODUCTION 
World  Production 

Total  world  production  of  rye  for  the  past  25  years  has  averaged  some¬ 
what  more  than  1.5  billion  bushels  according  to  Agricultural  Statistics  of 
the  U.  S.  Department  of  Agriculture.  Since  the  legal  weight  for  rye  is 
56  lbs.  per  bushel,  rye  production  may  be  compared  easily  with  that  of 
corn  and  wheat,  but  there  needs  to  be  an  upward  adjustment  of  bushels 
if  compared  with  rice,  barley  or  oats. 

For  the  3-year  period  of  1953-55,  the  average  world  production  was 
almost  1,5  billion  bushels.  Previous  to  that  time,  there  was  moderate 
fluctuation  notably  during,  and  immediately  after,  the  second  World  War 
The  average  production  from  1925  to  1940  was  somewhat  more  than  1  7 
billion  bushels.  In  general,  total  production  of  rye  has  remained  fairly 
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constant  but  with  a  slight  downward  trend  during  the  past  ten  years. 

Russia  produces  the  greatest  amount  of  rye  annually-in  fact,  this  coun¬ 
ty  produces  about  half  of  the  total  world  output.  However,  rye  is  rather 
intensively  cultivated  in  Poland,  West  Germany,  and  other  northwestern 
European  countries.  The  United  States  and  Canada  produce  only  a  small 
percentage  of  the  world  supply. 

Other  countries  producing  a  significant  amount  of  rye  are  France,  Spain, 
Netherlands,  Argentina,  Austria,  and  Denmark.  Turkey  produces  a  quan¬ 
tity  almost  equal  to  that  of  the  United  States.  Argentina’s  production  of 
rye  has  fluctuated  pronouncedly,  ranging  from  3.2  million  bushels  in  1951 
to  more  than  52  million  bushels  in  1952. 

Production  in  the  United  States 

Production  of  rye  in  the  United  States  has  varied  over  a  wide  range 
since  beginning  records  in  1869.  Production  in  1869  was  near  16  million 
bushels;  it  gradually  rose  to  29  million  bushels  in  1909,  increased  rapidly 
until  1919,  and  then  reached  a  high  point  of  more  than  101  million  bushels 
in  1922.  This  bulge  in  production  may  have  been  partly  accounted  for 
by  several  rust  years  for  wheat  during  World  War  I.  The  average  produc¬ 
tion  in  the  United  States  for  the  5-year  period  1935  through  1939  was  54 
million  bushels  and  for  the  5-year  period  from  1939  to  1945  was  39  million 
bushels.  This  indicates  a  downward  trend  in  interest  in  rye  in  the  United 
States. 

The  North  Central  states  produce  the  greatest  quantity  of  rye  within  the 
United  States.  During  the  period  of  1937  through  1946  there  were  six 
states  in  this  area  that  produced  more  than  a  million  bushels  for  the  ten- 
year  average.  South  Dakota  and  North  Dakota,  producing  nearly  7 
million  bushels  each,  were  the  two  leading  states,  while  Minnesota  and 
Nebraska  were  almost  equal  in  production  but  definitely  below  that  of 
the  Dakotas.  Wisconsin  ranked  fifth  and  was  followed  by  Indiana  and 
Michigan.  Production  fluctuated  in  these  states  as  shown  by  North 
Dakota’s  growing  more  than  16  million  bushels  in  1942  as  compared  to 
the  11  million  bushel  average  from  1928  to  1932. 


Acre  Yields 

Acre  yields  of  rye  reach  a  low  point  in  the  Union  of  South  Africa  whcie 
5  to  7  bushels  per  acre  is  the  average.  In  contrast  to  this,  Belgium,  Den¬ 
mark,  and  Holland  averaged  more  than  40  bushels  per  acre  in  the  19o2 
to  1954  period,  according  to  Agricultural  Statistics  of  the  U.  S.  Depart¬ 
ment  of  Agriculture.  Wheat  outyields  rye  by  small  to  large  margins  in 
these  countries.  It  is  interesting  to  note  that  there  is  more  rye  titan  wheat 
acreage  in  both  the  Netherlands  and  Germany. 
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BOTANICAL  CLASSIFICATION  OF  RYE 

The  genus  S ecale  belongs  to  the  tribe  Hordeae  of  the  grass  family. 
The  inflorescence  of  rye  is  a  spike  or  “ear"  that  resembles  that  of  wheat. 
The  spikelets  are  arranged  alternately  and  are' placed  flatwise  against  a 
zigzag  rachis.  Most  forms  of  Secale  have  spikes  that  taper  toward  the 
tip.  Spikelets  are  usually  two-flowered  except  under  thin  planting  or 
fertile  soil  conditions.  They  are  composed  of  two  thin,  narrow  glumes 
that  subtend  the  two  florets  each  of  which  is  partly  enclosed  by  a  narrow 
lemma  and  palea.  Each  floret  contains  3  stamens  and  a  pistil  which,  aftei 
fertilization,  develops  into  a  one-seeded  fruit  known  as  the  caryopsis  and 
is  called  the  kernel  or  grain.  All  domesticated  rye  grain  threshes  free. 


n  .  ,  ™oto  by  E-  H-  Herrling, 

Courtesy  of  Wisconsin  Agr.  Expt.  Sta. 


Fig.  23.  Rye  Secale  cereale  L.  in  Flower 
Note  exposed  stamens  after  shedding  pollen 
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Key  to  Secale  Species 

Antropov  and  Antropov  (1948)  presented  a  synopsis  of  species  and 
botanical  varieties  of  the  genus  Secale  including  the  key  on  p.  101. 
(Flaksberger  et  al.  1939). 

These  workers  classified  9  species  as  having  various  degrees  of  rachis 
shattering  and  one  having  a  “tough”  or  non-disarticulating  spike,  the 
latter  being  Secale  cereale  L.  Of  the  10  species,  6  were  perennial,  and 
4  annual.  S.  cereale  was  described  as  having  winter  or  spring  annual 
forms.  They  described  28  botanical  varieties  of  S.  cereale  that  do  not 
disarticulate  and  18  that  shatter.  They  also  described  94  sub-varieties 
within  the  “vulgare”  grouping  of  Koernicke.  Their  basis  for  separating 
these  species,  varieties,  and  sub-varieties  were  glume  shape,  awn  type, 
spike  density,  lemma  pubescence,  color  of  lemma,  ligule  characteristics, 
and  auricle  color.  In  regard  to  species  grouping  Kranz  (1957)  pointed 
out  that  Schiemann  divided  Secale  into  two  groups;  I.,  the  wild  types 
having  the  following  species:  S.  sylvestre,  S.  montanum,  and  S.  africanum, 
and  II.,  those  being  cultivated:  S.  fragile  and  S.  cereale.  Roshevitz 
(1947)  divided  the  Secale  genus  into  S ilvestria,  Kuprijanovia,  and 
Cerealia  groups.  He  recognized  all  of  the  species  listed  in  the  key  above 
in  addition  to  S.  daralagesi  Thum.,  S.  afghanicum  (Vav. )  Roshev.,  S. 
dighoricum  (Vav.)  Roshev.,  and  S.  segetale  (Zhuk.)  Roshev. 


Cultivated  Varieties  Grown  in  the  United  States 

Cultivated  agricultural  varieties  are  less  numerous  than  in  other  small 
grain  crops.  These  varieties  are  plastic  and  are  variable  because  the 

crop  is  cross  pollinated  to  a  high  degree. 

The  Abruzzi  variety  of  Italian  origin  has  been  grown  widely  in  the 
Southern  states  for  a  long  time.  Elbon  and  Gator  are  new,  the  latter 
having  been  described  by  Chapman  et  al  ( 1956).  Balbo  was  introduced 
into  the  United  States  in  1932  according  to  Mooers  (1933);  it  has  been 
popular  in  the  central  tier  of  states.  Rosen  has  been  grown  even  longer 
in  this  area  and  Michigan.  Spragg  and  Nicolson  (1917)  reported  on  the 

origin  of  Rosen. 

The  Dakold  variety  has  long  been  considered  winterhardy.  It  was 
distributed  by  the  North  Dakota  Agricultural  Experiment  Station  in  .  *— '• 
Pierre  is  grown  in  South  Dakota.  Imperial  with  light  amber  kernels  was 
once  known  as  “white”  rye.  It  was  replaced  by  Adams  which  was  dis¬ 
tributed  by  the  Wisconsin  Agricultural  Experiment  Station  in  ■  • 

Caribou,  distributed  in  the  same  year  in  Minnesota  gave  prom.se  of  good 
yields  according  to  Robinson  and  Koo  (1954).  Tins  var.ety  is 
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Key  for  species  determination1 

I  Spike  breakable,  disarticulates  at  maturity. 

'  A.  Glumes  with  awns  1.5  to  2.3  cm.  long,  2-3  times  as 

long  as  the  glumes.  Annual  plants,  short . S.  silvestre  Host 

Glumes  without  awns  or  with  short  awns  (less  than 
1.5  cm.) 

1.  The  rachis  disarticulates  down  to  the  base. 

Caryopsis  laterally  compressed.  Plants  very 
robust,  stems  up  to  3  meters  tall,  annual . S.  ancesti  ale  Zhuk. 

2.  At  maturity  upper  1/3  to  2/ 3  of  the  rachis  dis¬ 
articulates.  _ 

a.  Annual  plants,  short  and  wild . S.  Vavilovii  Grossh. 

b.  Perennial  plants,  60-150  cm.  in  height. 

X.  Plants  entirely  covered  with  soft  pub¬ 
escence  . S.  ciliatoglume 

(Boiss)  Grossh. 

XX.  Plants  glabrous  or  with  pubescence  on 
outer  epidermis  of  lower  leaves. 

O.  Spikelets  small,  lemma  9-11  mm. 
in  length. 

o.  Glumes  unequal;  lemmas  with 
very  fine  and  short  hairs  on 

the  keel . S.  africanum  Stapf 

and  Hook. 

Glumes  equal;  lemma  always 
with  short  hairs . S. 


oo. 


anatolicum 

Boiss. 


OO. 


Large  spikelets,  lemma  14-18  mm. 
long. 

o.  Stem  150  cm.  tall  and  5-6 
mm.  in  diameter.  Leaf  1-2 
cm.  wide.  Ligule  3-4  mm. 

long . S.  Kuprijanovii 

Grossh. 

oo.  Stem  up  to  90  cm.  in  length 
and  2-3  mm.  in  diameter. 

Leaf  up  to  5  cm.  wide  with 
ligule  up  to  2  mm.  in  length 
&.  Plants  grey-green . S.  montanum  Guss. 

&&.  Plants  with  small  blue 

IT  c  .  .  ...  sP°ts  . S.  dalmaticum  Vis. 

II.  Spikes  tenacious  (tough)  (except  the  variety  afghani- 

eum  Vav.,  whose  spike  disarticulates  down  to  the 
base).  Glumes  with  awns,  very  seldom  without 
awns.  Lemma  with  awns  shorter  than  the  spike. 

Caryopsis  enlarged.  Plants  spring  or  winter  an¬ 
nuals  .  C  O  1  T 

.  . .  S ereale  L. 


'  Apparently  original  in  Russian;  translated  into  Spanish  by  Jose  Buckevicms  with 
S«vTaendyHCLl  ShaSZela-  ^  English  by  EdSo  Nea£ 


102 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


\\  1 


Photo  by  E.  H.  Herrling,  Courtesy  of  Wisconsin  Agr.  Expt.  Sta. 

Fig.  24.  Spikes  and  Kernels  of  Balbo  and  Tetra  Petkus  Bye 
Upper  left,  2  spikes  of  Balbo  rye 

Lower  left,  3  enlarged  kernels  of  the  Balbo  variety.  Kernels  show 

incipient  sprouting 
Upper  right,  2  spikes  of  Tetra  Petkus 
Lower  right,  3  enlarged  kernels  of  Tetra  Petkus 


of  Antelope  describe,  by  Harrington  (1*3). 

of  European  origin,  are  grown  to  a  limited  ext  .  ,  te(1 

United  States.  The  performance  of  several  impoitan  -  ' 

under  Indiana  conditions  was  described  by  C"h^rLa  Merced 
Only  a  small  amount  of  spring  rye  is  grown  in  N 
is  sown  in  California  and  Prolific  in  other  areas. 
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Varieties  Grown  in  Europe  and  Russia 

One  of  the  most  outstanding  varieties  grown  in  Europe  is  Petkus 
selected  out  of  Pirnaer  and  Probsteier,  Landsort  varieties  by  Dr.  F.  von 
Lochow.  First  selection  was  in  1881,  with  first  distribution  in  1889. 
From  this  variety  many  selections  have  been  made.  There  is  a  Petkus 
spring  rye  which  yields  well  under  favorable  conditions,  but  usually  less 
than  winter  Petkus. 

Other  varieties  grown  in  western  Europe  are  von  Rumker,  Dominant, 
and  Heertvelden,  the  latter  two  being  distributed  in  1953.  According  to 
Dorst  et  al.  (1955)  Dominant  was  bred  from  a  cross  between  von 
Lochow’s  Short  Straw  and  Brandt’s  Marion.  Heertvelden,  from  the  cross 
between  Ottersume  and  Petkus,  is  resistant  to  eelworm  (nematode). 
Some  of  the  varieties  grown  in  Northwestern  Europe  are  Star,  Steel, 
King’s  II,  and  Sangaste. 

Nuttonson  (1958)  studying  climate  relationships  of  rye  in  North 
America,  Poland,  Czechoslovakia  and  the  Soviet  Union  stated  that  the 
most  widely  distributed  varieties  in  Russia  were  Vyatka,  Vyatka  2,  Vyatka 
Moskovskaya,  Kazanskaya  and  Lisitsina.  Vyatka  2,  Zazerskaya  and  Zima 
were  reported  to  be  in  great  demand  in  Russia.  He  also  described  twelve 
of  the  most  widely  grown  varieties  in  Russia. 

The  Vyatka  variety  is  grown  in  all  regions  of  northern  and  the  north¬ 
eastern  parts  of  the  Soviet  Union.  It  is  also  grown  widely  in  the  non- 

Chernozem  belt  and  in  many  areas  of  Siberia  where  snow  persists  during 
the  winter. 


Improvement 

Rye  improvement  methods  have  varied  because  no  well  established 
method  has  been  accepted  widely.  Nearly  every  variety  was  produced 
by  a  slightly  different  breeding  method.  Mass  selection  in  one  form  or 
another  was  the  basis  for  originating  varieties  several  decades  ago.  Va¬ 
rieties  depend  somewhat  on  the  breeder’s  concept  as  to  the  type  to  which 
they  should  conform.  Close  breeding  was  used  to  establish  some  varieties 
while  others  have  been  derived  by  compositing  residue  seed  lots  of  plants 
hat  were  progeny-tested  after  close  selection.  Others  have  been  purified 
bv  removing  undesirable  portions  of  the  population.  The  Pierre  varietv 
was  developed  by  compositing  16  inbred  lines  isolated  from  Dakold  and 
1  edish  rye  varieties  according  to  Grafius  ( 1951 )  Sprague  M938^  1 
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Self-sterility  has  been  widely  observed  though  inbred  lines  with  more 
than  50  per  cent  self-fertility  are  now  available.  Recently  Kranz  (1957) 
indicated  that  an  Iranian  rye  flowered  cleistogamously  and  was  mod¬ 
erately  self-fertile.  Though  Leith  and  Shands  ( 1938)  stated  that  properly 
chosen  inbred  lines  gave  hybrid  vigor  after  being  crossed,  no  method  of 
utilizing  this  principle  has  been  found.  Warren  and  Hayes  (1950) 
studied  rye  polycross  progenies  for  yield  but  did  not  develop  a  variety 
after  using  this  breeding  method.  Ferwerda  (1956)  proposed  a  system 
of  breeding  rye  whereby  two  varieties  are  used  for  interpollination  after 
clones  have  been  tested  and  found  superior  on  the  basis  of  progeny  tests. 
Clones  found  desirable  after  testing  in  intravarietal  and  intervarietal 
crosses  would  be  increased  in  isolation  and  then  equal  quantities  of  seed 
mixed  for  growing  commercial  seed. 

Ross  (1953)  gave  a  history  of  Tetra  Petkus  rye  which  was  obtained  by 
doubling  the  chromosome  number  by  the  use  of  colchicine.  This  variety 
has  stiff  straw,  large  kernels,  broad  leaves  and  delayed  heading  and  ripen¬ 
ing.  It  is  grown  commercially  to  a  limited  extent  in  Canada  and  the 
U.S.A.  Brown  and  Nelson  ( 1957)  at  Michigan  could  find  little  advantage 
of  this  variety  over  diploid  Rosen.  These  workers,  as  well  as  Koo  ( 1958), 
and  others,  suggested  that  diploid  rye  should  be  isolated  from  tetraploid 
rye  if  good  seed  set  were  to  be  expected  in  Tetra  Petkus.  Patterson  and 
Mulvey  (1954)  comparatively  grew  Tetra  Petkus  and  von  Rumker,  a 
diploid  type,  and  did  not  find  severe  seed  reduction  because  of  pollen 
interference.  Muntzing  (1954)  hybridized  3  tetraploid  forms  and  found 
18  to  19  per  cent  yield  increase  over  that  of  the  parents.  He  used  spaced 
plants  for  the  tests.  Because  Tetra  Petkus  is  a  significant  departure  in 
agronomic  type  from  the  ordinary  diploids,  there  has  been  an  increased 

interest  in  breeding  by  means  of  tetraploidy. 

Amphidiploids  between  Triticum  and  Secale  giving  2 n  chromosome 
number  forms  of  56  and  42  have  been  called  Triticdes.  Muntzing  ( 1939) 
and  more  recently  Sanchez-Monge  (1956),  Sadanaga  (1956)  and  stil 
others  have  utilized  different  Triticum  species  and  Secale  cereale  for 
compounding  different  Triticdes.  Such  types  may  be  produced  com¬ 
mercially  after  further  investigation. 


geographical  distribution  of  production  and  consumption 
Patterns  of  Distribution 

Rye  is  one  of  the  most  widely  grown  small  grains.  It  can  be  produced 
as  fir  north  or  soutl,  as  other  cereals,  hut  finds  little  use  m  tropical  areas_ 

The  Americas  are  low  producers  of  rye  yet  the  higherlncome 

produce  well  under  a  wide  range  of  eond.t.ons.  Other  higher  income 
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crops  are  chosen  in  preference  to  rye  except  where  rye  has  a  particular 
advantage  in  being  able  to  produce  under  very  low  fertility  or  ot  i  r 

adverse  conditions. 

There  is  a  tendency  to  grow  rye  for  forage  purposes  in  warmer  locations 
and  for  grain  in  colder  climates.  Nuttonson  (1958)  stated  that  winter 
rye  production  reaches  beyond  the  Arctic  Circle,  or  within  a  short  distance 

of  the  northern  limit  of  spring  barley. 

In  comparing  rye  and  wheat  production  in  the  Americas,  the  ratio  is 

more  than  50:1  in  favor  of  wheat,  while  in  Europe  the  ratio  is  about  2:1. 
In  Russia  the  acreages  of  the  two  crops  are  nearly  evenly  matched.  One 
important  reason  rye  is  grown  so  extensively  in  Russia,  is  that  the  plants 
can  grow  at  lower  temperatures  than  wheat.  Further,  rye  can  withstand 
lower  temperatures  without  snow  cover  and  grow  where  moisture  and 
soil  fertility  are  low.  The  root  system  of  rye  is  vigorous  and  weighs  about 
half  again  more  per  acre  than  wheat,  according  to  Nuttonson  s  (1958) 
report  of  Russian  data. 

Volin  (1951)  stated  that  rye  acreages  declined  in  Russia  from  1925  to 
1935.  Wheat  is  given  preference  on  black  soil  areas  and  rye  on  the  non¬ 
black  soils  which  are  generally  inferior.  Volin  indicated  that  rye  pre¬ 
dominates  in  the  whole  of  northern  and  central  European  Russia  as  well 
as  in  the  Baltic  Republics  and  the  former  Polish  territory,  but  is  out¬ 
ranked,  or  almost  entirely  replaced  by  wheat  in  the  more  southern  and 
eastern  regions.  Within  Russian  postwar  boundaries,  there  were  60.8 
million  acres  of  rye  for  1935  to  1939,  but  73  million  or  more  acres  for 
1947,  1948  or  1949.  Yields  were  about  13  bushels  per  acre  or  closely 
similar  to  acre  yields  in  the  United  States. 

Uses 

The  domestic  disappearance  of  rye  for  the  ten-year  period,  1944  to 
1953  inclusive,  was  given  in  the  United  States  Agricultural  Statistics  of 
1954.  The  quantities  used  for  seed  were  almost  constant  over  this  period. 
While  there  was  wide  variation  in  the  use  of  rye  for  feed,  the  amount 

used  for  food  purposes  was  also  relatively  constant  and  was  slightly  less 
than  that  used  for  feed. 

The  amount  used  for  spirits  and  alcohol  fluctuated  rather  widely,  re¬ 
flecting  the  need  for  industrial  alcohol  toward  the  end  of  World  War  II. 

Moderate  amounts  of  rye  were  exported  but  this  was  more  than  offset 
by  total  imports. 

E"°Pe  'I18  ^  S™1'  is  used  '•irgely  for  bread-making  purposes. 
Undoubtedly  there  are  numerous  other  uses,  such  as  flat  bread,  porridge 
and  alcoholic  products.  h 

Jasny  (1940)  indicated  that  heavy  consumption  of  rye  bread  was  cen- 
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tered  in  Germany,  Austria,  Scandinavia,  central  and  northern  Russia  as 
well  as  in  Russian-dominated  Baltic  states,  Czechoslovakia  and  Poland. 
Mixture  of  wheat  and  rye  flour  for  bread  was  increasing.  The  use  of  pure 
rye  bread  has  tended  to  be  confined  to  the  poorer  populations  which  may 
be  related  to  the  belief  that  rye  bread  staves  off  hunger  pangs  longer  than 
other  breads.  This  may  be  the  result  of  lesser  palatability  of  rye  and  the 
longer  time  required  for  digestion.  In  using  rye  for  flour,  it  is  usually 
diluted  with  wheat  flour,  in  order  to  make  a  more  palatable  slice  of  bread. 
However,  a  few  bakeries  in  the  United  States  use  only  rye  flour  for  making 
bread  in  areas  where  immigrant  populations  are  high. 

Rye  is  used  to  a  limited  extent  in  feeding  various  classes  of  livestock. 
Delwiche  et  ill.  (1940),  gave  several  formulas  for  using  rye  as  a  concen¬ 
trate  in  feeding  dairy  cattle,  fattening  cattle,  swine,  brood  sows,  and 
poultry.  Below  are  given  typical  formulas  for  dairy  mixtures  and  for  pigs 
fed  in  dry  lot. 

Dairy  Mixture  to  Be  Fed  with  Mixed  Grass  and  Legume  Hay,  and  Corn  Silage 

or  Roots;  About  17  Per  Cent  Protein 


Ground  rye 

400  lbs. 

Ground  oats,  barley,  or  corn 

250 

» 

Wheat  bran 

200 

» 

High  protein  concentrates1 

150 

» 

Salt,  preferably  iodized 

10 

Total 

1,010 

For  Pigs  in  Dry-Lot 

Ground  rve 

30.0  lbs. 

Ground  corn  or  barley 

59.5 

Linseed  meal  or  soybean  oil  meal 

5.0 

Ground  alfalfa  hay 

5.0 

Salt 

0.5 

1  High  protein  concentrates  may  be  linseed  meal,  cotton-seed  meal,  gluten  meal 
soybean  meal,  or  the  equivalent  amount  of  protein  by  way  of  some  other  protein  con¬ 
centrates. 


It  can  be  seen  that  about  40  per  cent  of  the  dairy  mixture  is  composed 
of  ground  rye,  while  30  per  cent  is  used  for  the  pig  ration.  Formulas 
were  also  given  for  poultry  use.  However,  the  amount  of  rye  was  only 

about  20  per  cent  in  this  case.  TT  ,  Qfofpc 

The  rve  crop  is  used  quite  widely  for  pasturage  in  the  United  States. 

To  a  lesser  extent  it  is  used  for  hay  and  cover  cropping.  Since  rye  is  very 
winter-hardy,  adapted  types  produce  green  feed  during  the  winter  m 
much  of  the  southern  half  of  the  United  States.  Rye  is  used  also  in  early 
fall  and  early  spring  pasturing  in  other  sections  ot  the  country. 
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While  there  have  been  complaints  about  rye  flavoring  the  milk  from 
dairy  cows,  part  of  the  trouble  may  be  caused  by  distasteful  weeds  uch 
as  Wild  onions  growing  in  the  rye.  There  is  no  convincing  proof  that  he 
rve  pasture  flavor  is  any  more  undesirable  than  that  of  other  p. 
plants.  Furthermore,  the  pasture  flavor  of  the  milk  may  be  reduce!  y 
removing  the  cows  from  the  pasture  two  to  four  hours  before  milking. 

GROWING,  HARVESTING,  AND  STORING  IDE 

Culture 

Culture  of  rye  has  been  reviewed  by  Martin  and  Smith  ( 1923),  Leight\ 
(1916),  and  Delwiche  et  al.  (1940).  These  and  other  writers  pointed 
out  that  rye  will  grow  on  good  soils,  but  for  economic  reasons  is  sown  on 
soils  that  are  low  in  fertility  and  moisture  holding  capacity.  Although 
rotation  is  desirable,  rye  can  be  grown  for  several  years  on  the  same  fields 
without  the  benefit  of  rotation  as  is  often  done  in  Europe.  Rye  may 
follow  corn  in  the  rotation  in  the  central  states.  Corn  most  often  follows 
a  hay  crop  that  was  first  established  by  use  of  a  spring  grain  crop.  The 
rotation  would  then  be  rye,  spring  grain  used  as  a  companion  crop,  hay, 
and  corn.  Rye  fits  into  numerous  other  rotations,  but  often  is  omitted 
intentionally  in  areas  where  it  volunteers  in  the  winter  wheat  crop. 
Sometimes  rye  is  pastured  in  the  fall  and  in  the  spring,  then  plowed  under 
and  followed  by  corn.  Rye  has  been  used  occasionally  as  a  companion 
crop  for  establishing  grass  and  legume  seedings  that  were  spring  seeded 
on  frozen  ground.  Delwiche  et  al.  (1940),  listed  several  rotations  for 
various  soil  types  in  Wisconsin.  Corn,  potatoes,  or  sugar  beets  might 
precede  rye.  The  crop  might  be  followed  by  spring  grain  seeded  with 
grasses  and  legumes  which  can  be  used  for  hay  or  pasture  for  two  or 
more  years.  Rye  also  might  be  substituted  for  wheat  in  rotations. 

In  Russia,  W  illiams  (1952)  recommended  that  wheat  and  rye  follow 
grass  in  a  grass-arable  rotation.  Sugar  beets  or  potatoes  could  follow 
rye.  This  was  desirable  because  beets  and  potatoes  did  well  where  soil 
nitrogen  was  relatively  low.  A  rotation  of  rye,  sugar  beets,  and  rye  is 
followed  in  western  Europe.  There  eelworm  is  enough  of  a  problem  to 
enforce  rotation.  Volin  (1951)  discussed  rotations  followed  in  cropping 
systems  in  Russia  where  rye  makes  up  a  considerable  percentage  of  the 
acreage.  He  stated  that  Williams  had  recommended  that  grass-legume 
crops  be  used  in  a  soil-improving  system.  The  results  were  not  immedi¬ 
ately  successful  because  of  the  shortage  of  grass  seed.  It  must  be  kept 
in  mind  that,  as  pointed  out  by  Nuttonson  (1958),  a  great  deal  of  Russian 
farmland  receives  low  annual  rainfall,  and  moisture  conservation  must  be 
practiced.  Therefore,  the  fallow  system  is  part  of  their  rotational  plan. 
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Nutrient  Requirements 

Rye  utilizes  the  major  and  minor  elements  in  producing  a  crop.  Nitro¬ 
gen,  phosphorus,  and  potassium  are  the  major  elements  usually  applied. 
Lime  for  the  provision  of  calcium  for  soil  acidity  correction  and  nutrition 
is  applied  especially  for  the  legume  in  the  rotation.  In  many  rye  soils  no 
fertilizer  is  applied  at  planting  time,  but  instead  the  crop  is  topdressed 
with  a  nitrogenous  fertilizer.  This  is  especially  true  where  rye  is  sown  as 
a  cover  and  grazing  crop  between  cotton  rows  in  the  South.  Neverthe¬ 
less,  Delwiche  et  al.  (1940),  and  Albert  (1951)  recommended  complete 
fertilizer  for  increased  grain  yields. 

Delwiche  et  al.  (1940)  pointed  out  that  applications  of  phosphate  and 
potash  could  be  made  at  seeding  time  using  rates  of  200  to  400  lbs.  per 
acre.  They  indicated  that  nitrogen  could  be  used  in  the  fertilizer  applied 
at  seeding  and  that  formulas  in  the  neighborhood  of  10  to  14  per  cent  N, 
6  to  8  per  cent  P205,  and  9  to  12  per  cent  K20  were  adequate.  They  also 
suggested  that  20  to  60  lbs.  of  elemental  nitrogen  could  be  applied  as  top 
dressing  in  the  spring  after  growth  starts.  For  each  15  to  20  lbs.  of  nitro¬ 
gen  they  expected  an  increase  of  5  bushels  of  grain  per  acre.  Albert 
( 1951 )  stated  that  when  soil  phosphate  and  potash  were  low  in  avail¬ 
ability,  500  lbs.  of  12  -4—8  or  an  equal  amount  of  10—10—10  may  be  applied 
at  seeding  time.  He  also  indicated  that  5  to  7  bushels  or  more  of  rye 
grain  and  500  lbs.  of  straw  would  be  produced  per  acre  with  each  20  lbs. 
of  nitrogen  used  as  top  dressing.  Widdifield  ( 1953)  in  North  Dakota  sug¬ 
gested  that  50  lbs.  of  phosphate  and  fertilizer  such  as  0-43-0  or  its  equiva¬ 
lent  could  be  used  for  rye  on  fallow  ground.  On  non-fallow  ground  he 
suggested  the  use  of  70  lbs.  per  acre  of  a  fertilizer  such  as  8—32—0. 

Soil  Management  and  Seedbed  Preparation 

Rye  responds  moderately  well  to  carefully  managed  soil;  but  since  it 
is  sown  on  sandy  soil  or  on  soils  of  low  fertility,  soil  preparation  is  usually 
kept  to  a  minimum.  When  rye  is  sown  on  summer-fallowed  land  the  crop 
will  act  as  a  competitor  for  weeds  and  check  their  growth  according  to 
Martin  and  Smith  (1923).  Where  rye  follows  a  corn  crop  that  was 
ensiled,  it  is  desirable  to  plow  the  land.  However,  rye  land  may  be  pre¬ 
pared  by  disking  only.  Rye  is  sometimes  drilled  into  grain  stubble  wit  i- 
out  previous  preparation.  Drill  rows  are  7  or  8  inches  apart. 


Variety  Choice 

The  choice  of  a  variety  depends  somewhat  on  whether  the  crop  is  to 
be  used  as  a  cover  crop,  pasturage,  or  for  grain.  If  the  purpose  u Tor 
grain  production,  the  variety  must  be  winter  hardy  enough  to  w.thstand 
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winter  conditions  in  the  area  grown  and  should  be  of  a  type  preferred  by 
the  cash  market.  Some  buyers  of  rye  grain  prefer  kernels  of  varying 
colors  while  others  prefer  rye  that  has  a  clear  amber  color  resembling  that 
of  wheat.  The  germination  of  the  rye  seed  should  be  tested  before  sow¬ 
ing  because  rye  loses  germination  capacity  more  rapidly  than  do  other 
small  grains.  Farmers  generally  increase  seeding  rates  when  rye  has  been 
stored  more  than  a  year.  Seed  may  be  treated  with  an  organic  volatile 
mercury  compound  if  the  seed  is  weathered  or  known  to  carry  seed-borne 
diseases  that  are  amenable  to  control  by  ordinary  seed  treatment  practices. 


Sowing  the  Crop 

Rye  should  be  sown  in  time  to  make  considerable  growth  before  winter 
sets  in.  Good  crops  are  obtained  if  seed  is  sown  in  late  August  in 
Canada  or  the  northern  part  of  the  United  States.  The  date  may  be  later 
depending  upon  the  latitude  and  whether  or  not  the  crop  is  to  be  used  for 
fall  pasture.  Nuttonson  (1958)  showed  that  rye  was  planted  in  early 
August  at  a  north  Finland  location.  Harvest  was  in  September  or  13 
months  later. 

In  South  Dakota  Hume  et  al.  (1926)  in  an  eight-year  test  found  Sep¬ 
tember  15  to  be  the  optimum  planting  date.  Champlin  ( 1927 )  in  Sas¬ 
katchewan  after  a  three  year  test  concluded  that  the  optimum  planting 
date  was  September  first.  Rye  may  be  sown  somewhat  later  than  winter 
wheat  and  will  produce  enough  growth  to  live  over  winter. 

It  is  preferable  to  sow  rye  with  a  drill  at  a  rate  of  about  six  pecks  per 
acre.  Depth  of  seeding  may  vary  from  1  to  3  inches.  Champlin  (1927) 
seeded  rye  with  a  single  disk  drill  at  a  depth  of  2  to  3  inches  in  grain 
stubble.  He  used  the  Dakold  variety  in  his  tests.  In  a  seeding  rate  test 
where  he  planted  2  to  8  pecks  per  acre  at  one  peck  intervals,  he  obtained 
the  following  net  yields  in  bushels  per  acre  respectively:  28.5,  32.2,  32.7, 
35.2,  35.2,  35.4,  and  36.2.  The  highest  net  yield  was  obtained  at  the  eight 
pecks  per  acre  seeding  rate  but  this  probably  was  not  significantly  dif- 
erent  from  the  five  peck  rate.  When  sowing  between  cotton  rows  in 
southern  United  States,  the  rate  may  be  as  low  as  2  to  4  pecks  per  acre. 

Harvesting 


In  areas  where  rye  is  widely  grown,  it  matures  earlier  than  other  small 
gram  crops.  A  large  part  of  the  crop  is  harvested  by  the  use  of  a  combine 
However  there  is  still  a  large  portion  that  is  cut  by  a  binder  and  later 
threshed  by  a  stationary  thresher.  Rye  tends  to  shatter  and  should  be 
combined  as  soon  as  moisture  is  low  enough  for  safe  storage.  It  may  be 
uglier  in  moisture  content  ,f  cut  with  a  binder.  In  this  case  shocks  should 
be  made  so  as  to  protect  grain  from  rains  and  dews. 
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Storing 

Rye  is  stored  in  many  types  of  buildings  and  under  a  wide  variety  of 
conditions.  On  the  farm,  most  buildings  are  wood  in  construction  and 
frequently  are  divided  for  livestock  use  and  grain  storage.  Round  metal 
bins  and  quonset  huts  may  be  used  for  farm  storage  in  the  north  central 
region  of  the  United  States.  Concrete  bins  and  metal  bins  are  used  com¬ 
mercially.  Shedd  and  Cotton  (1949),  as  well  as  Phillips  and  Hansen 
(1954),  noted  that  all  types  of  bins  should  meet  the  following  basic  re¬ 
quirements:  1.  retain  quality  of  grain;  2.  exclude  forms  of  water;  3.  pro¬ 
tect  against  thieves,  rodents,  birds,  poultry,  insects,  and  objectionable 
odors;  4.  provide  for  effective  fumigation;  5.  be  safe  from  fire  and  wind; 
and,  6.  have  adequate  head  room  for  sampling. 

Technical  studies  of  grain  concerning  respiration,  gas  interchange,  and 
insect  and  moisture  relations  have  been  undertaken  with  wheat,  but  in¬ 
frequently  with  rye.  Since  the  structure  of  the  rye  kernel  is  similar  to 
that  of  wheat  in  many  respects,  it  is  assumed  that  storage  conditions  sat¬ 
isfactory  for  wheat  would  prove  equally  satisfactory  for  rye. 

Since  rye  matures  earlier  in  the  summer,  the  moisture  content  more 
quickly  reaches  a  safe  storage  level  when  compared  to  wheat  or  other 
grains.  The  first  means  of  avoiding  spoilage  is  to  store  rye  at  a  satisfac- 
torv  moisture  level.  This  varies  somewhat  with  geographical  location.  If 
harvested  when  moisture  is  near  13  per  cent  and  stored  under  dry  condi¬ 
tions  free  from  insects,  rye  should  remain  free  from  storage  trouble. 
Stored  rye  should  be  examined  after  binning  in  order  to  follow  tempera- 
hire  changes.  If  heating  is  noted,  the  grain  should  be  recleaned  and 
moved  to  another  bin.  Forced  ventilation  can  be  used  commercially. 

Nuttonson  (1958)  presented  a  chart  showing  the  moisture  conten  o 
rve  at  harvest  time  in  various  parts  of  the  Soviet  Union.  A  high  propor¬ 
tion  of  the  rve  is  grown  in  areas  where  the  moisture  at  harvest  is  above 
15  per  cent.  '  If  stored  at  such  moistures  in  the  United  States,  undoubtedly 
there  would  be  considerable  trouble.  The  outside  temperatures  in  Rus- 
Sia  very  probably  are  low  enough  to  prevent  spoilage  in  he  early  fall 
and  winter.  A  large  portion  of  the  rye  grown  in  Europe  is  harvested  un; 
dor  rather  damp  conditions  which  results  in  sprouting  of  the  seed,  g 
fT/Tst-forl  bv  Hintzner  and  dc  Miranda  (1954). 

8  Walkden  et  al.  ( 1954)  listed  the  following  precautionary  measures 
avoid  grain  storage  troubles: 

Store  grain  in  a  well  constructed,  isolated  granary. 

Store  the  grain  in  as  dry  a  condition  as  possi  e  accumulations  from 

"xThuiidtr:  — popu,a- 

tions. 


1. 

2. 

3. 
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4.  Apply  residual  spray  to  the  ceilings,  walls,  and  floors  of  the  granary  or  cnb 

and  other  buildings  at  least  two  weeks  before  feed  grain  is  to  be  stored. 

5.  Fumigate  all  old  grain  which  cannot  be  removed  from  the  granary  before 

new  grain  is  binned. 

6.  Fumigate  unprotected  small  grains  within  six  weeks  after  harvest. 

7.  Inspect  grain  at  frequent  intervals  to  discover  insect  infestations  or  heating. 

8.  Fumigate  the  binned  grain  a  second  time  if  infestations  develop. 

CHEMICAL  AND  PHYSICAL  CHARACTERISTICS 
Chemical  Analysis 

Only  a  small  amount  of  work  has  been  done  making  strict  comparisons 
between  rye  varieties  except  for  plot  yields.  Instead,  composite  samples 
of  rye  have  been  examined  for  chemical  and  physical  characteristics. 
Morrison  (1956)  gave  the  overall  chemical  compositions  of  rye  grain, 
flour,  and  middlings  as  shown  in  Table  15.  He  also  compared  the  chemi¬ 
cal  composition  of  wheat  and  barley.  Protein  and  fat  composition  of  rye, 
wheat,  and  barley  grains  were  generally  similar,  ranging  close  to  13  per 


Table  15 

CHEMICAL  COMPOSITION  OF  RYE  GRAIN,  FLOUR  AND  MIDDLINGS  COMPARED  WITH  WHEAT  AND 

BARLEY1 


Product 


Total  Di¬ 
gestible 


Pro- 


Nitro- 


Minerals 


Rye  grain 
Rye  flour 
Rye  middlings 
Wheat:  Ave. 

All  types  grain 
Barley  grain 

common — not  in¬ 
cluding  Pacific 
Coast  States 


Nutrients 

tein 

Fat 

Fiber 

Extract 

Total 

Ca 

76.5 

12.6 

1  .7 

2.4 

Per  cent 
70.9 

1  .9 

0.10 

74.5 

11  .2 

1.3 

0.6 

74.6 

0.9 

0.02 

72.0 

16.6 

3.4 

5.2 

61  .2 

3.8 

0.06 

80.0 

13.2 

1.9 

2.6 

69.9 

1.9 

0.04 

77.7 

12.7 

1.9 

5.4 

66.6 

2.8 

0.06 

0.33 

0.28 

0.63 


0.47 

0.46 

0.63 


1  From  Morrison  (1956). 


0.39  0.42 


0.40  0.49 


cent  and  1.8  per  cent,  respectively.  Fiber  percentages  of  wheat  and  rye 
gi.nn  are  essentially  similar  as  was  true  of  nitrogen-free  extract  and  min- 

or  wh,  ^  7r  somewhat  lower  in  total  digestible  nutrients  than  barley 
'heat.  Total  digestible  nutrients  of  rye  Hour  and  middlings  were 
ower  than  that  of  the  grain.  The  Hour  was  lower  than  rye  grain  in  pro! 

f  V*’  1>U,r'  and  rmneraIs-  However,  middlings  had  higher  protein 

. . . .  -..rs 

. .  f~  ““  ««>• 

extract,  59.76  per  cent  crude  protein;  27.37 
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per  cent  carbohydrates;  6.82  per  cent  lignin;  and  2.44  per  cent  crude  fi¬ 
ber.  Albuminoid  nitrogen  was  the  largest  component  of  the  protein.  Su¬ 
crose,  pentosans,  starch,  and  raffinose  in  decreasing  percentages  made  up 
the  carbohydrate  content.  These  workers  stated  that  rye  genn  is  a  high 
protein,  phosphorus-rich  substance  in  which  the  lipoids  predominate 
over  the  phytin  forms  of  the  latter. 

Rohrlich  and  Rasmus  ( 1956 )  compared  the  proteins  of  rye  and  wheat 
after  manually  separating  small  quantities  of  the  germ,  aleurone,  and 
endosperm.  In  the  rye  aleurone  (and  pericarp)  they  found  almost  equal 
quantities  of  albumin,  globulin,  and  prolamine.  In  contrast,  wheat  had 
a  much  higher  proportion  of  albumin  in  the  aleurone  and  a  much  lower 
proportion  of  prolamine.  The  rye  was  a  tetraploid  form,  presumably 
Tetra  Petkus.  Paper  chromatography  was  used  in  determining  the  amino 
acids  present  in  the  aleurones,  germs  and  meal  or  flour  from  wheat  and 
rye.  They  were  able  to  identify  18  amino  acids  as  follows: 


Alanine 
Arginine 
Aspartic  Acid 
Cystine 
Glutamic  Acid 
Glycocoll 


Histidine 

Leucine 

Lysine 

Isoleucine 

Methionine 

Phenylalanine 


Proline 

Serine 

Threonine 

Tryptophan 

Tryosine 

Valine 


These  workers  did  not  find  qualitative  differences  between  the  amino 
acids  of  germ  and  the  aleurone.  They  noted,  however,  that  the  wheat 
endosperm  was  lower  in  arginine  and  lysine  when  compared  to  that  o 

the  rye  endosperm.  .  , 

Orr  and  Watt  ( 1957)  summarized  the  data  available  on  14  ammo  acids 

expressed  in  terms  of  amino  acid  content  per  gram  of  nitrogen  present 
in  whole  grain  and  flours  of  different  extractions  as  well  as  amino  acid 
content  for  100  grams  of  bread  from  light  and  medium  lye  flours.  ore 
amino  acid  content  was  found  in  bread  from  medium  flour  than  bread 
made  from  light  flour.  Of  the  amino  acids  listed  above ^they  '  c id I  nol  p 
sent  data  for  alanine,  aspartic  acid,  glycocoll,  and  proline  Glutam,c  a«d 
leucine,  valine,  arginine,  and  phenylalanine  were  among  those  that  had 

the  highest  percentages.  and  Hobkirk 

,  ,0531  found  that  rye  was  rich  in  water  soluble  pentosans  with  very  l.t- 
1  T  nv  ntaminSion  with  beta  glucosan.  Pure 
readily  obtained  from  rye  than  from  other  cer^l, 

gums  identified  from  rye  were  Qat  polysaccharides  by 

electrophoresis.  (Rye  had  dear  Ration  into  two  bands,  while  oats  had 
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three  bands.  They  were  able  to  recognize  the  following  sugar  units  in 
hydrolysates  of  rye:  glucose,  xylose,  galactose,  and  arabinose. 

Physical  Properties 

The  physical  properties  of  the  rye  grain  are  concerned  with  bushel 
weight,  kernel  weight,  and  other  characteristics.  Though  the  legal  weight 
for  rye  is  56  lbs.  per  bushel,  only  plump  rye  of  the  diploid  type  frequently 
reaches  this  weight.  Tetraploid  rye  is  about  two  pounds  less  in  bushel 
weight.  The  kernel  weight  of  rye  is  about  26  mg.  while  the  tetraploid 
forms  are  nearer  40  mg.  per  kernel.  As  already  suggested,  rye  kernels 
vary  a  good  deal  in  color  and  most  of  them  tend  to  be  rough  in  appear¬ 
ance  because  of  wrinkled  pericarp  (see  Fig.  24).  Further,  rye  tends  to 
sprout  before  harvest  according  to  many  European  reports.  Rye  samples 
with  ruptured  pericarp  above  the  embryo  are  frequently  observed;  this 
suggests  incipient  sprouting. 

Ljung  (1948)  noted  differences  in  germination  of  rye  varieties  im¬ 
mediately  after  harvest,  one  reaching  22.6  per  cent  while  another  had 
only  9.0  per  cent  after  being  placed  under  favorable  germination  condi¬ 
tions  for  4  to  5  days. 

IMPORTANT  FUNCTIONAL  CHARACTERISTICS 


Flavor 

On  a  world-wide  basis  the  rye  grain  is  used  to  a  great  extent  in  making 
bread,  and  to  a  lesser  extent  for  feeds  and  distilled  products.  Of  impor¬ 
tance  to  the  user  is  the  flavor  which  means  different  things  to  different 
people.  This  is  especially  true  for  the  taste  of  rye  bread. 

Rye  “Glutens” 

Johnson  and  Bailey  (1925)  studied  the  gluten  and  gas-retaining  capac¬ 
ity  of  rye  flour  dough.  1  hey  found  that  the  rate  of  gas  production  in  the 
dough  was  high,  but  that  the  gas-retaining  capacity  was  low  and  was 
probably  responsible  for  the  dense  compact  loaves  that  are  ordinarily 
baked  from  pure  rye  flour.  Cunningham  et  al  ( 1955)  extracted  “glutens” 
fiom  rye,  wheat,  barley,  and  oats  by  use  of  formic,  oxalic,  and  citric  acids. 
The  formic  acid  gluten  of  rye  absorbed  70.3  per  cent  water  while  that  of 
wheat,  barley,  and  oats  absorbed  65.0,  55.2  and  50.2  per  cent  respectively. 
These  workers  thought  that  carbohydrate  gums  may  have  caused  differ¬ 
ences  in  water  absorption  rather  than  variations  in  the  protein  moiety 
A  judging  panel  thought  that  rye  gluten  was  intennediate  in  elasticity 
and  cohesiveness  when  compared  to  wheat  gluten  which  was  quite  elas- 
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Palatability  as  Feed 

In  feeding  rye,  palatability  is  thought  to  be  important.  Many  workers 
consider  rye  unpalatable,  and  it  is  probably  this  reason  that  prompted 
Delwiche  et  al.  (1940)  to  suggest  mixtures  of  rye  in  the  grain  portion  of 
cattle  rations.  Wilson  and  Wright  (1932)  in  South  Dakota  noted  that 
cattle  did  not  eat  large  quantities  of  rye  when  fed  free  choice.  They 
further  noted  that  the  finish  of  the  cattle  lacked  lustre.  In  their  feeding 
experiments  with  hogs,  daily  gains  with  rye  were  greatly  improved  when 
it  was  mixed  with  corn  or  barley. 


QUALITY  TESTS 

Bread  Making 

Strict  quality  tests  for  variety  comparisons  are  relatively  unavailable 
for  rye.  Hintzner  and  de  Miranda  (1954)  studied  the  baking  quality  of 
eight  varieties  of  diploid  rye  grown  at  six  locations  in  the  Netherlands  in 
1948.  They  tabulated  their  results  for  the  field  means  of  six  varieties, 
and  noted  that  the  location  where  grown  had  a  great  influence  on  the 
baking  quality.  The  differences  among  fields  seemed  to  be  greater  than 
among  varieties.  Apparently  the  grain  from  the  field  identified  as  F 
had  sprouted  and  therefore  had  greater  alpha  amylase  activity  and  soluble 
substance  in  the  bread.  Field  “E”  had  greater  viscosity  as  measured  by 
Brabender  units  and  panimeter  value  which  is  a  measure  of  the  bread  in 
recovering  its  original  volume  after  being  compressed.  The  variety  listed 
as  “I”  had  greater  amylase  activity  which  was  reflected  by  reduced  vis¬ 
cosity.  Bread  from  rye  of  variety  “II”  had  more  compression  resistance. 
In  addition,  these  workers  compared  diploid  and  tetraploid  rye  flours  for 
baking  qualities.  They  photographed  three  loaves  of  tetraploid  rye  bread 
that  appeared  to  be  satisfactory  for  quality,  and  one  loaf  of  diploid  rye 
bread  that  showed  a  large  air  hole  and  excessive  starch  degradation.  The 
latter  was  attributed  to  more  sprouting  in  the  diploid  rye.  They  further 
noted  low  anwlase  activity  of  tetraploid  rye  which  is  in  contrast  to  the  re¬ 
port  of  Fifield  and  Reitz  (1958)  who  found  that  the  average  amylase  ac¬ 
tivity  of  Tetra  Petkus  was  higher  than  that  of  the  compare  >  y  grown  1 
pToid  varieties  Adams.  Ball, o,  and  von  Rumker.  The  latter  workers  made 
h  iking  tests  and  physical  and  chemical  tests  of  the  rye  gram,  and  its  flour. 
They  P  ovided  test  weights  per  bushel,  kernel  weights,  diastat.c  activity, 
amylograph  values  for  the  flour  as  well  as  other  comparisons  as  shown  in 
Table  16  They  blended  rye  flour  40  per  cent  with  60  per  cent  first  c  e 
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5  Moisture  free  basis. 

6  Formula  ingredients — flour,  salt,  yeast,  shortening,  and  water. 
Symbols  Used:  VG,  very  good;  G  .good. 
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Petkus  rye  scored  lower  in  grain  and  texture  than  bread  from  the  diploid 
ryes  and  further,  Tetra  Petkus  dough  samples  were  sticky  and  handled 
with  difficulty.  Taste  panels,  as  might  be  expected,  did  not  agree  as  to 
flavor  preference.  In  1954,  12  of  15  tasters  indicated  that  the  flavor  of 
Tetra  Petkus  bread  was  stronger  than  that  of  the  three  diploid  ryes.  In 
1955,  9  persons  of  a  20-member  team  found  the  bread  from  Tetra  Petkus 
stronger  and  more  pleasing,  while  5  preferred  the  flavor  of  the  bread 
from  the  Adams  variety,  and  6  could  find  no  flavor  difference  between 
the  bread  of  the  two  types  of  rye. 

Vitamins 

Ihde  and  Schuette  ( 1941)  analyzed  commercially-made  rye  flour  for  its 
content  of  the  following  B  vitamins:  thiamin,  nicotine  acid,  riboflavin, 
and  pantothenic  acid.  They  reported  detailed  figures  for  whole  rye,  rye 
germ,  and  other  milled  products.  Their  results  are  given  in  Table  17. 


Table  17 

VITAMIN  B  VALUES  FOR  RYE  AND  SOME  OF  ITS  PRODUCTS.  AFTER  IHDE  AND  SCHUETTE  (1941  ). 


Individual  B  Vitamin  Readings 


Product 


Nicotinic  Pantothenic 

Thiamin  Acid  Riboflavin  Acid 


Whole  rye 
Rye  germ 

Middlings  from  whole  rye  degermed 
Middlings  from  degermed  rye 
Dark  flour  from  whole  rye 
Dark  flour  from  degermed  rye 
White  rye  flour  from  whole  flour  (not 
bleached) 

White  flour  from  whole  rye  (bleached) 
White  flour  from  degermed  rye  (bleached  ) 


Mg./Gm. 

Mg./Gm. 

Aig./Gm. 

2.4 

12.9 

1.5 

9.3 

27.0 

4.46 

3.3 

16.7 

2.5 

3.3 

17.7 

2.0 

3.2 

12.2 

1 .7 

3.6 

12.5 

1  .8 

1.5 

7.1 

0.76 

1.6 

7.3 

0.69 

1.4 

7.3 

0.68 

Aig./Gm. 

10.4 

13.9 
23.1 
23.1 

13.4 

14.9 

7.1 

7.25 

6.5 


Three  of  the  vitamins  had  their  greatest  concentration  in  the  germ  while 
pantothenic  acid  reflected  higher  values  for  the  outer  layers  of  the  kernel. 
Booher  et  al.  (1942)  summarized  findings  on  vitamin  A  anc  ,  <  • 

?hey  reported  the  lower  percentage  extraction  flour  from  Germany  to  be 

dffiefenTkvels  of  B,  vitamin  but  that  these  differences  probably  were  not 
significant. 

Nut'  ition  strain  of  albino  rats  whole  wheat  and 

JZSSS.  51  i.  «*— » >«*  * 8- » 5 " 
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The  rye  was  grown  in  Arkansas  and  the  wheat  was  supplied  by  General 
Mills.  At  all  levels  of  protein  the  animals  made  considerably  more  growth 
and  showed  greater  protein  efficiency  on  whole  rye  flour  than  on  whole 
wheat  flour.  Increased  growth  in  favor  of  rye  was  39.4,  63.5,  and  177.4 
per  cent  for  9,  8,  and  5  per  cent  protein  levels,  although  gains  were  re¬ 
duced  at  the  lowest  protein  percentage.  Ihde  and  Schuette  ( 1941 )  found 
that  rye  flour  contained  two-thirds  as  much  of  the  total  vitamin  B  as  the 
whole  grain  and  that  it  was  definitely  a  richer  source  of  the  B  complex 
than  whole  wheat.  Even  refining  the  rye  flour  failed  to  reduce  the 
vitamins  to  as  low  a  level  as  that  of  wheat  flour. 
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Sorghum 


INTRODUCTION 

Sorghum  was  harvested  for  grain  on  an  average  of  about  9,785,000 
acres  in  the  10-year  period,  1948  to  1957.  The  average  yield  per  acre  was 
21.4  bushels  (1,198  lbs.),  resulting  in  an  average  annual  production  of 
209,233,000  bushels.  As  a  cereal  crop  in  the  United  States,  sorghum  is 
currently  exceeded  in  production  only  by  wheat  and  corn,  and  in  total 

acreage  by  corn,  wheat,  oats,  and  barley. 

Sorghum  is  the  major  feed  grain  grown  in  the  Great  Plains  area  stretch¬ 
ing  from  the  South  Plains  of  Texas  to  South  Dakota  because  it  is  better 
adapted  to  and  more  productive  under  the  subhumid  and  semiarid  con¬ 
ditions  of  that  area  than  any  other  grain  crop.  Sorghum  produces  gram 
more  reliably  than  any  other  crop  under  the  hazardous  fanning  conditions 
of  the  subhumid  and  semiarid  areas.  Its  performance  under  adverse  con¬ 
ditions  gives  it  a  value  above  the  cash  value  of  the  grain  and  helps  to 
maintain  a  more  stable  agricultural  system.  The  residue  from  a  sorghum 
crop  that  was  a  failure  from  the  standpoint  of  grain  production  has  often 
prevented  the  loss  of  land  by  wind  eiosion. 


Adaptation 

Sorghum  is  well  adapted  to  semiarid  areas,  but  it  can  make  good  use 
of  additional  water  and  is  grown  extensively  under  irrigation  in  dry  areas 
The  most  favorable  mean  temperature  for  the  growth  of  sorghum  is  abou 
80°  F  The  sorghum  plant  withstands  extreme  heat  better  than  most 
other  crops,  but  extremely  high  temperatures  during  the  fruiting  period, 
in  combination  with  low  moisture  levels,  may  reduce  the  grain  yield. 
m  Certain  structures  and  processes  of  the  plant  adapt  it  particularly  well 
to  ho  and  drv  conditions  The  plants  of  some  types  of  sorghum  become 
partially  dormant,  and,  as  farmers  say,  “wait  for  ram  Curingdry,  ho 
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ginning  of  a  long  dry  period;  under  such  conditions  these  non-stop 
types  produce  grain  while  types  that  tend  to  become  dormant  might  pro¬ 
duce  no  grain.  Compared  to  corn,  sorghum  has  more  secondary  roots, 
a  smaller  leaf  area,  and  a  markedly  more  xerophytic  type  of  leaf  structure 
(Miller  1916).  Sorghum  leaves  inroll  as  they  wilt  and  have  a  waxy 
cuticle  that  apparently  retards  transpiration. 


Sorghum  is  grown  on  all  types  of  soil;  in  the  area  in  which  it  is  most 
widely  grown  the  ability  of  a  soil  to  provide  water  is  usually  its  most 
important  characteristic.  Under  good  climatic  conditions  sorghum  does 
best  on  deep  fertile  soils.  In  dry  areas  sorghum  often  does  best  on  sandy 
soils  because  of  their  water  infiltration  and  retention  characteristics. 
Sorghum  varieties  differ  in  their  reactions  to  salt  concentrations,  soil  air 
and  moisture,  and  other  soil  properties. 

Origin  and  History 

Sorghum  is  thought  to  have  originated  in  Africa.  That  it  was  grown 
in  ancient  times  is  shown  by  a  carving  depicting  sorghum  found  in  an 
Assyrian  ruin  dating  from  about  700  B.C.  (Ball  1910). 

The  first  seed  of  any  kind  of  grain  sorghum  brought  to  the  Western 
emisphere  probably  came  in  slave  ships  from  Africa.  One  variety 
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called  “chicken  corn”  escaped  from  cultivation  and  is  a  weed  in  some  of 
the  Southern  States;  another,  called  “guinea  corn”  was  once  rather  widely 
distributed  but  has  now  practically  disappeared  from  cultivation.  White 
Durra  and  Brown  Durra  were  introduced  from  Egypt  to  California  in 
1874.  White  Kafir  and  Red  Kafir  were  introduced  from  Natal,  South 
Africa,  about  1876.  Milo  was  introduced  from  Colombia  about  1879, 
but  there  is  no  information  as  to  how  the  variety  reached  Colombia. 
Shallu  was  introduced  from  India  about  1890,  Pink  Kafir  from  South 
Africa  about  1904,  and  Feterita  and  Hegari  from  the  Anglo-Egvptian 
Sundan  in  1906  and  1908  (Vinall  et  al.  1936). 


Recent  Changes  in  the  Crop 


Grain  sorghums  have  been  greatly  changed  in  the  past  twenty  years  in 
respect  to  the  types  and  varieties  grown.  The  tall  types  that  were  grown 
through  the  1930s  have  been  completely  replaced  by  shorter  “double 
dwarf”  or  “combine”  types,  with  the  result  that  the  earlier  bottleneck 
of  hand  heading  has  been  completely  eliminated  by  combine  harvesting. 
In  the  same  period  earlier  varieties  with  a  consequently  lower  total  water 
requirement  were  developed;  these  resulted  in  greater  sureness  of  pro¬ 
duction  in  the  older  sorghum  growing  areas  and  in  the  extension  of  pro¬ 
duction  into  drier  areas  and  into  areas  with  shorter  growing  seasons. 
Sorghum  hybrids,  which  first  became  available  in  1955,  made  it  possible 
to  increase  vields  20  to  40  per  cent  and  further  increased  the  acreage  of 
the  crop  by  making  it  more  profitable  to  producers.  Improvement  in 
hybrid  quality  and  yield  is  continuing  as  a  result  of  the  work  of  experi¬ 
ment  stations  throughout  the  Southwest. 

The  acreage  of  sorghum  has  also  been  increased  by  some  other  factors. 
The  crop  so  far  has  been  relatively  free  of  serious  disease  and  insect  pests. 
The  earlier  varieties  have  proved  to  be  particularly  well  suited  as  a  late- 
planted  crop  where  wheat  or  other  crops  have  been  abandoned  or  lost  to 
weather  hazards.  The  occurrence  of  drouth  periods  that  have  reduced 
yields  of  corn  more  than  those  of  sorghum  have  resulted  in  the  replace¬ 
ment  of  considerable  corn  acreage  by  sorghum  in  the  western  part  of  the 
Corn  Belt,  particularly  in  the  areas  where  annual  precipitation  is  less 


than  30  inches.  ,  ,  .  .  .  „ 

In  the  very  near  future  there  will  be  some  additional  changes  in  the 

crop  Sorghums  with  yellow  endosperm  like  yellow  corn  are  being  c  e- 

veloped-  this  improvement  will  for  the  first  time  give  sorghum  gram 

vitamin  A  and  xanthophyll  and  will  put  it  in  a  better  compebbve  positron 

as  a  feed  grain.  A  much  stiffer  stalk  is  being  introduced  to  obtain  greater 

resistance^to  lodging,  and  work  is  underway 

size,  threshability,  and  grain  composition  and  quality  (Krf 
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Sorghum  belongs  to  the  family  Graminae,  tribe  Andropogonae.  All  the 
annual  sorghums  have  10  pairs  of  chromosomes  and  belong  to  one  species. 
Sorghum  vulgare,  which  includes  such  diverse  types  as  grain  sorghums, 
sudangrass,  broomcorn,  and  tall  sorghums  that  may  be  grown  for  forage, 
silage,  or  syrup. 

Sorghum  is  a  coarse  grass  that  may  grow  from  two  to  more  than  Id 
feet  in  height;  the  height  of  the  widely  cultivated  grain  sorghum  varieties 
is  usually  between  2  and  5  feet.  The  stems  are  similar  to  those  of  corn; 
they  may  be  fairly  fine  in  grass  sorghums  or  more  than  an  inch  in  diameter 
in  some  grain  and  forage  types.  Some  varieties  of  grain  sorghum  have 
juicy  stalks  and  leaf  midribs  while  others  are  dry  and  pithy.  The  leaves 
are  smooth  and  have  a  waxy  surface;  the  leaf  structure  is  such  that  water 
loss  is  reduced  to  a  low  figure.  The  inflorescence  is  a  loose  to  dense 
panicle  that  may  bear  as  many  as  2,000  seeds.  The  seed  of  different 
varieties  varies  greatly  in  size,  pigmentation  and  other  characteristics. 
Although  all  grain  sorghums  are  annuals,  they  can  survive  as  perennials 
where  temperatures  are  mild. 


DISTRIBUTION  OF  PRODUCTION 

Sorghum  is  the  chief  food  grain  in  much  of  Africa  and  parts  of  India, 
Pakistan,  China,  and  Manchuria.  Sorghum  is  the  world’s  third  most  im¬ 
portant  food  grain,  being  exceeded  in  utilization  for  food  by  only  wheat 
and  rice. 

Statistics  on  the  world  production  of  sorghum  are  incomplete,  but  the 
total  area  of  sorghum  grown  for  grain  is  thought  to  be  more  than  80 
million  acres  (Martin  and  Leonard  1949). 

Sorghum  is  grown  on  all  the  continents  below  latitudes  of  45°  and  on 
many  of  the  islands  of  the  East  and  West  Indies.  It  is  an  important 
cereal  crop  in  much  of  Africa  and  parts  of  India,  Pakistan,  China,  Man¬ 
churia,  and  the  United  States.  It  is  also  grown  to  some  extent  in  nearly 
all  the  countries  in  the  southern  half  of  Europe  and  Asia,  and  in  Central 
America,  South  America,  and  Australia. 

Most  of  the  sorghum  in  the  United  States  is  grown  in  the  Great  Plains 
area  stretch"!®  from  Texas  and  New  Mexico  on  the  south  to  Colorado  and 
South  Dakota  on  the  north,  but  considerable  acreages  are  also  grown  in 
the  western  part  of  the  Corn  Belt  and  in  the  hot  irrigated  areas  of  the 
Southwest,  with  lesser  amounts  in  the  South  Central  and  South  Atlantic 

(srsr sorghum  aereage  and  -  « for  s 

The  leading  state  in  sorghum  production  is  Texas,  with  an  average  of 
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Table  18 

GRAIN  SORGHUM  ACREAGE  AND  PRODUCTION  BY  STATES1 2 


Acreage  Production 

1946-1957  1956-1957  1946-1957  1956-1957 

State  1,000  Acres  1,000  Acres  1,000  Bu.  1,000  Bu. 


Texas 

Kansas 

Oklahoma 

Nebraska 

Colorado 

New  Mexico 

California 

Missouri 

Arizona 

South  Dakota 

North  Carolina 

Arkansas 

Iowa 

Alabama 

South  Carolina 

Indiana 

Louisiana 

Tennessee 

Georgia 

Mississippi 

Kentucky 

Illinois 

Virginia 

U.  S.  Total 

1  From  Anon.  (1957). 

2  No  statistics. 


4,665 

6,052 

2,241 

3,886 

708 

704 

426 

1,436 

292 

435 

276 

324 

127 

210 

100 

388 

73 

104 

58 

170 

44 

90 

37 

118 

34 

194 

30 

38 

7 

11 

4 

14 

4 

6 

2 

58 

2 

40 

2 

28 

2 

23 

2 

14 

2 

10 

106,041 

181,148 

39,358 

76,760 

9,983 

10,688 

10,993 

4,489 

3,808 

7,636 

4,419 

5,988 

5,960 

11,249 

1,469 

8,550 

3,363 

5,046 

1,158 

4,306 

1,188 

2,380 

825 

2,962 

1,469 

8,550 

543 

693 

133 

208 

142 

620 

82 

145 

2 

1,506 

2 

810 

2 

762 

2 

852 

2 

615 

2 

302 

9,164  14,408  193,998  384,091 


nearly  51  per  cent  of  the  U.  S.  grain  sorghum  production  in  the  twelve- 
year  period  from  1946  to  1957.  Sorghum  is  the  leading  grain  crop  in 
Texas,  and  some  kind  of  sorghum  is  planted  on  approximately  one-thirc  o 
the  total  cultivated  acreage  of  the  state.  In  Kansas  and  Oklahoma,  t  le 
second-  and  third-ranking  states  in  sorghum  acreage,  wheat  is  the  only 
cereal  that  exceeds  sorghum  in  acreage.  In  Nebraska  and  Colorac  o, 
ranked  fourth  and  fifth  in  acreage  of  sorghum,  the  crop  is  fourth  in 
acreage  among  the  cereals,  but  in  New  Mexico,  the  sixth  state  in  acreage, 

sorghum  is  the  leading  grain  crop. 

That  the  sorghum  acreage  is  concentrated  in  the  Crcat  Pl*  a.e. 
shown  by  the  fact  that,  in  the  twelve  years  ending  in  1957,  tun  states, 
Texas  and  Kansas,  harvested  75  per  cent  of  the  total  acreage  of  sorghum 
“  Those  two  states,  with  the  addition  of  the  neighbor, ng  Plains 

sZtl  Of  Oklahoma,  Colorado,  Nebraska  and  New  M»9 

nor  cent  of  the  grain  sorghum  acreage,  leaving  only  6.1  pel  cent  ot  t 
natiomd  grain  sorghum  acreage  divided  among  the  other  twelve  states  for 

which  statistics  are  reported  for  the  19  6-195,  period 

In  recent  years  there  has  been  a  great  increase  in  interest  in  sorgn 
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in  Other  parts  of  the  U.  S.  This  interest  has  been  expressed  in  increased 
acreages,  but  the  total  acreage  outside  the  Sorghum  Belt  remains  small. 
The  North  Central  states,  excluding  Kansas  and  Nebraska,  harvested 
about  four  per  cent  of  the  national  acreage  in  1956  and  195/;  much  of 
the  increase  in  this  area  was  due  to  drouth  conditions  and  to  govern¬ 
ment  agricultural  programs.  The  Southwestern  and  South  Central  states, 
excluding  Texas  and  Oklahoma,  harvested  about  three  per  cent  of  the 
national  acreage  in  1956—1957;  the  acreage  in  this  area  has  been  in¬ 
fluenced  by  the  feed  requirements  of  an  increasing  livestock  population 
and  by  a  trend  to  the  planting  of  sorghum  after  winter  crops  when  the 
land  cannot  be  prepared  for  planting  early  enough  to  seed  corn  near  the 
optimum  planting  date. 


FLUCTUATIONS  IN  PRODUCTION 


The  acreage  of  sorghum  planted  varies  greatly  from  year  to  year.  It 
is  affected  in  most  of  the  area  by  weather  conditions  at  planting  time  and 
by  the  acreage  and  condition  of  other  crops  grown  in  the  Sorghum  Belt. 
The  acreage  of  sorghum  is  inversely  related  to  that  of  cotton  and  wheat 
where  these  crops  are  grown  in  the  same  area  as  sorghum.  On  the 
western  fringe  of  the  Corn  Belt,  sorghum  and  com  are  interchangeable 
crops;  a  succession  of  dry  years  may  result  in  considerable  shifting  of 
acreage  from  corn  to  sorghum,  while  a  series  of  years  favorable  for  corn 
will  reduce  the  sorghum  acreage. 

The  acreage  of  grain  sorghum  began  an  upward  trend  in  the  1940’s 
\\  hen  combine  varieties  became  available.  The  shortage  of  farm  labor, 
the  development  of  the  small  combine,  and  the  war-time  demand  for 
giain  all  contributed  to  the  increase.  Government  agricultural  policies 
that  restricted  the  acreages  of  wheat,  cotton,  and  corn  in  varying  amounts 
also  affected  sorghum  acreages.  In  individual  years  the  sorghum  acreage 
may  change  considerably  because  of  weather  conditions  at  planting  or 
lecause  of  factors  affecting  the  acreage  of  other  crops,  such  as  winter¬ 
killing  or  abandonment  of  wheat. 


Much  of  tlie  large  increase  in  sorghum  production  in  1956  and  1957  can 
lx-  attributed  to  a  swing  from  other  crops  to  sorghum  because  of  a  suc¬ 
cession  of  drouth  years  and  because  of  the  effect  of  government  agri- 
cul  ura!  programs  on  cotton,  wheat,  and  corn  acreage;  and  to  the  avail¬ 
ability  of  the  new  sorghum  hybrids.  The  1957  sorghum  crop  set  new 
recouls  for  acreage  harvested,  yield  per  acre,  and  grain  production 


GROWING  the  crop 


Cultural  practices  for  sorghum  are  generally  similar  to  those  used  for 
Other  row  crops  such  as  corn  and  cotton.  The  particular  procedures  and 
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implements  used  vary  considerably,  depending  upon  the  soil,  climate, 
preceding  crop,  the  equipment  available,  and  the  usual  practices  of  the 
particular  area. 


Rotation 


Grain  sorghum  can  follow  almost  any  other  crop,  but  in  most  of  the 
sorghum-growing  area  production  hazards  and  limited  moisture  restrict 
the  number  of  crops  that  can  be  grown  and  their  arrangement  into 
crop  sequences.  Grain  sorghum  is  often  grown  continuously  or  is  alter¬ 
nated  with  other  crops  such  as  forage  sorghum,  sudangrass,  broomcorn, 
com,  or  cotton.  In  some  of  the  irrigated  areas  in  southern  California 
and  Arizona,  sorghum  may  be  the  summer  crop  in  a  double-cropping 
system,  with  wheat  or  barley  being  grown  in  the  cool  season.  In  a  few 
areas  with  moderate  rainfall,  a  rotation  of  sorghum,  spring  barley  or  oats, 
and  winter  wheat  is  used.  In  some  areas  where  both  sorghum  and  wheat 
are  grown,  a  three-vear  rotation  of  sorghum-fallow-wheat  is  used,  pro¬ 
viding  a  fallow  period  of  9  to  11  months  for  the  accumulation  of  rainfall 
before  the  planting  of  each  crop;  this  rotation  is  particularly  adapted  to 
use  in  narrow  strips  for  the  control  of  wind  erosion  because  some  of  the 
land  is  always  in  a  growing  crop  and  the  unplanted  strips  are  not  fallowed 
long  enough  for  all  the  residue  to  disintegrate.  In  the  irrigated  area  of 
the  South  Plains  of  Texas,  a  rotation  of  sorghum,  soybeans,  and  cotton  is 
gaining  in  favor.  In  the  Corn  Belt  and  in  most  of  the  South,  sorghum  le- 

places  corn  in  the  cropping  sequence. 

Sorghum  sometimes  depresses  the  yields  of  succeeding  ciops.  This 
is  thought  to  be  due  primarily  to  the  greater  depletion  of  soil  moisture  by 
sorghum  and  to  the  fact  that  sorghum  roots  usually  remain  alive  until 
the  plant  is  killed  by  frost.  Sorghum  roots,  a  high-carbon  residue,  do  not 
decay  appreciably  until  the  next  spring,  sometimes  causing  a  serious  de¬ 
ficiency  of  available  nitrates  in  the  early  part  of  the  following  season. 
Early  tillage  and  applications  of  nitrogen  fertilizer  tend  to  reduce  this 

effect  of  sorghum. 


Preparation  of  Land 

Preparation  of  land  for  sorghum  usually  begins  as  soon  as  possible 
after  the  harvest  of  the  preceding  crop.  In  most  sorghum  Prod“®  8 
areas  the  saving  of  soil  moisture  and  the  storage  of  hoped-for  precipita¬ 
tion  are  among  the  most  important  factors  concerned  m 
although  loosening  of  compacted  soil  and  e  PreP  |  s  t0 

are  also  important.  Soil  preparation  usually  consists  of  procedures 

kill  weeds  and  other  vegetation,  to  loosen  the  soil  to  PC™.™  rap^ 
infiltration  of  precipitation  or  irrigation  water,  to  1  ug 
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soil  to  catch  blowing  snow  and  reduce  wind  erosion,  and  to  prepare  the 
land  for  the  planting  operation.  The  common  methods  of  land  prepara¬ 
tion  are  listing,  subsurface  tillage,  plowing  with  either  disc  or  moldboard 
plows,  discing,  and  chiseling,  or  combinations,  of  these  methods.  On 
some  of  the  medium-  to  light-textured  soils  where  the  lister  planter  is 
used,  the  crop  may  be  grown  without  any  land  preparation  with  very 
little  reduction  in  yield. 

Planting 

Sorghum  is  usually  planted  in  cultivated  rows  36  to  44  inches  apart, 
but  considerable  acreage  is  planted  in  narrower  rows  20,  24,  28,  or  32 
inches  apart  or  in  paired  rows  with  alternate  14-  and  26-inch  row  spac- 
ings. 


Fig.  26. 


Courtesy  Deere  and  Co. 

Planting  Sorghum  and  Applying  Fertilizer  With  a  4-Row 
Lister  Planter 


L 


Avy,i 


Some  sorghum  is  planted  with  a  grain  drill  but  most  sorghum  in  dry 
areas  is  planted  with  the  lister  planter  or  with  similar  equipment  which 
pushes  away  the  dry  surface  soil  so  that  the  seed  can  be  planted  in  moist 
soil  without  covering  it  too  deep.  With  this  equipment  the  seed  is  usually 
p  an  el  in  the  bottom  of  a  furrow.  In  more  humid  areas  sorghum  is 
planted  with  surface  planters  that  leave  the  soil  level  after  planting  I„ 
a  few  areas  where  drainage  is  a  problem  or  where  early  irrigation  is 
needed,  sorghum  is  planted  on  the  top  of  lister  beds.  The  optimum  d^A 
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of  planting  is  about  two  inches,  but  deeper  covering  of  the  seed  is  often 
practiced  in  hot  dry  conditions. 

The  amount  of  seed  to  be  planted  per  acre  depends  upon  many  factors: 
the  prospective  grain  yield;  seed  size;  seed  viability;  and  conditions  of 
soil  and  weather  that  may  affect  the  percentage  of  emergence.  Because 
of  all  the  variables  involved,  it  is  impossible  to  make  definite  recommen¬ 
dations  of  rates  of  seeding.  A  good  rule-of-thumb  for  average  conditions 
is  to  plant  about  one  and  one-half  pounds  of  seed  for  each  1,000  lbs.  of 
grain  yield  expected.  The  application  of  this  rule  results  in  recommenda¬ 
tions  of  as  low  as  1  to  2  lbs.  per  acre  for  some  dry  land  conditions  and  as 


high  as  10  lbs.  per  acre  for  favorable  conditions,  all  of  which  are  within 
the  range  of  seeding  rates  used.  Stands  of  sorghum  can  deviate  consider¬ 
ably  from  optimum  plant  populations  with  relatively  little  effect  on  grain 
yields  (Kramer  1957). 


The  minimum  temperature  for  germination  of  sorghum  seeds  vaiies 
from  45°  to  50°  F.  Germination  and  early  growth  is  slow  at  soil  tem¬ 
peratures  below  60°  F.,  so  the  planting  dates  for  sorghum,  because  of 
temperature  requirements,  are  necessarily  a  little  later  than  those  foi 
corn  and  about  the  same  as  those  for  cotton.  An  equally  important  con¬ 
sideration  where  the  growing  season  is  long  is  that  of  having  the  plant 
grow  in  the  most  favorable  part  of  the  year  in  respect  to  temperatures  anc 
precipitation.  For  example,  in  all  of  Texas  below  the  High  Plains,  plant¬ 
ing  is  done  as  early  as  possible  so  that  the  crop  will  be  growing  in  the 
early  part  of  the  summer  when  temperatures  are  lower  and  the  proba¬ 
bility  of  getting  rains  is  greater;  the  latter  part  of  the  summer  is  hotter 
and  drier  and  is  much  less  favorable  for  sorghum  production.  In  tie 
northern  part  of  the  Sorghum  Belt  and  at  higher  elevations,  sorghum 
must  be  planted  as  early  as  possible  because  the  whole  season  is  needed 
for  growing  the  crop.  In  the  South  Plains  of  Texas  the  optimum  planting 
period  is  June  10  to  25,  later  than  that  of  the  northern  areas;  this  date  of 
planting  results  in  the  plants  being  small  and  having  a  low  water  use 
during  the  hottest  and  driest  part  of  the  summer  in  July  and  early  August, 
and  the  period  of  highest  water  use  by  the  plant  is  then  reached  m  late 
August  and  early  September  when  temperatures  are  lower  and 
probability  of  rainfall  has  increased. 


Fertilizer 

Sorghum  uses  relatively  large  amounts  of  the  common  tertilizer 
r  l  •  ri  vipldii  /Table  19)  In  much  of  the  sorghum  area,  h 

S «“ «"  *.«.  ■» “  >» 
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Table  19 


FERTILIZER  ELEMENTS  IN  SORGHUM  PLANT  PARTS  AT  A  YIELD  LEVEL  OF  1  00  BUSHELS  PER  ACRE 


Part  of  Plant 

Production 

Lbs. 

Nitrogen 

Lbs. 

Phosphoric 

Acid 

Lbs. 

Potash 

Lbs. 

Grain 

5,600 

100 

32 

17 

Q 

Leaves 

1  ,770 

1 5 

5 

y 

Stems 

4,980 

10 

4 

1  4 

Roots 

2,920 

9 

10 

D 

Total  above  ground  12,350 

125 

41 

40 

1  Quinby  et  al.  1958. 

limited  for  the  most  part  to  the  areas  with  higher  rainfall  and  to  irri¬ 
gated  areas. 

If  fertilizer  is  applied,  it  should  be  available  in  adequate  quantities 
when  it  is  needed  by  the  plant;  the  time  of  application  may  be  very  im¬ 
portant  when  fertilizers  are  side-dressed.  The  uptake  of  nitrogen  by 
sorghum  is  very  high  during  two  periods,  the  period  of  rapid  vegetative 
growth  preceding  heading  and  during  the  period  of  grain  development. 
Phosphorus  accumulation  is  highest  during  the  early  part  of  the  period  of 
grain  formation,  and  potassium  uptake  is  greatest  during  the  period  of 
rapid  vegetative  growth  preceding  heading  (Wagner  et  al.  1913). 


Irrigation 


Although  sorghum  is  a  drouth-tolerant  crop,  it  gives  a  good  return 
from  supplemental  irrigation  in  most  areas.  The  amount  of  water  used  by 
the  plant  is  not  a  fixed  value;  it  is  affected  by  temperature,  humidity,  wind 
movement,  soil  moisture  tension,  and  the  duration  of  growth  of  the 
variety. 

The  most  effective  use  of  water  is  obtained  when  the  crop  is  provided 
with  adequate  water  for  continuous  vigorous  growth  throughout  the 
season.  In  average  conditions  in  the  southern  part  of  the  Sorghum  Belt 
the  total  consumptive  use  of  water  is  usually  21  to  23  inches  for  a  100- 
bushel  grain  crop.  Whenever  the  crop  is  in  severe  moisture  stress,  that 
is,  if  the  available  moisture  in  the  top  two  feet  of  soil  is  reduced  below 

25  per  cent  of  the  total  available  storage  capacity,  potential  yields  are 
reduced. 


Water  use  is  low  during  the  early  growth  of  the  sorghum  plant,  usually 
averaging  0.05  to  0.10  inch  per  day  for  the  first  2  to  4  weeks.  Peak  use 
usually  occurs  during  the  late  boot  and  early  heading  stage  and  may 
reach  0.33  inch  per  day.  The  water  use  usually  averages  about  025 

TbaxtolSu  TtI  fib0Ot  thr°Ugh,  the  llough  staSe  (Swanson  and 
ini'  <Tle  figUleS  glven  above  aPP'y  to  stands  of  80  to  P0 
thousand  plants  per  acre  with  available  soil  moisture  above  25  per  cent. ) 
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When  pre-planting  rainfall  is  insufficient  to  bring  the  soil  profile  to  field 
capacity  to  depths  of  5  to  6  feet,  a  pre-planting  irrigation  is  usually  made. 
If  the  soil  is  wet  to  such  depths  the  later  irrigations  are  then  based  on 
the  moisture  content  of  the  top  two  feet  of  soil.  Usually  the  first  irriga¬ 
tion  is  made  30  to  40  days  after  planting  unless  rainfall  has  occurred,  and 
subsequent  irrigations  are  made  as  necessary  to  maintain  available  water 
in  the  top  two  feet  above  a  minimum  of  25  to  50  per  cent.  The  fre¬ 
quency  of  application  will  depend  on  the  water-holding  capacity  of  the 
soil  and  factors  that  affect  the  rate  of  water  use. 


Cultivation 

Sorghum  is  usually  cultivated  as  are  other  row  crops.  Cultivation  is 
practiced  primarily  for  weed  control.  If  the  crop  is  planted  on  land  free 
of  growing  weeds,  cultivation  is  required  only  as  new  weeds  grow.  Early 
cultivations  are  often  made  with  a  harrow,  rotary  hoe,  or  knife  sled,  latei 
cultivations  are  made  with  conventional  row  cultivators.  Narrow-row 
plantings  are  often  cultivated  entirely  with  a  harrow  or  rotaiy  hoe. 

Sorghum  roots  grow  near  the  surface,  so  cultivation  must  be  relatively 
shallow  because  destruction  of  roots  at  any  time  is  detrimental  to  the 

Weeds  in  sorghum  can  be  controlled  with  any  of  several  chemica 
herbicides,  but  caution  must  be  exercised  so  that  neither  the  sorghum 
crop  nor  other  crops  nearby  are  damaged  by  the  chemical. 


Insects  and  Diseases 

Sorghum  is  attacked  by  a  large  number  of  insects  and  diseases,  but  they 
seldom  cause  general  losses,  although  some  may  be  severe  in  local  areas. 

The  most  destructive  insect  pests  are  the  chinch  bug,  sorghum  midge 
corn-leaf  aphid,  corn  earworm,  and  sorghum  webworm.  Thechinch 
is  a  sucking  insect  that  often  moves  to  sorghum  from  maturing  sm. 
grain  fieldsf  a  number  of  varieties  are  relatively  “ 

The  sorghum  midge  is  a  problem  in  the  southern  states;  the  larvae  hatcl 
I»h  n  the  glumes  and  prevent  seed  development.  Aphids  occasional  y 
"me  damage.  but  most  other  insects  attacking  sorghum  cause  only 

miX  — Xgr diseases  of  sorghum  can  be  grouped  into  seed  and 

seedling  diseases,  leaf  dtage 

of  at  least  seven  genera  of  fungi  may  a  t.  treatment  with  an  effec- 

from  this  group  can  be  great  v  rec  uce  >re  favorable  for  rapid 

tive  fungicide  and  by  p  aiding  w  er ^  ]east  three  bacterial  and 

<— . — 1 — — — ” 
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are  the  use  of  resistant  varieties  and  sanitation.  Sorghum  is  affected  by 
three  smuts,  two  kernel  smuts  that  can  be  controlled  by  seed  treatment 
and  head  smut  which  is  soil-borne  and  can  be  controlled  only  by  the  use 
of  resistant  varieties.  The  most  serious  root  and  stalk  rots  are  mi  o  dis¬ 
ease  and  charcoal  rot.  Periconia  root  rot  or  milo  disease  is  controlled  by 
planting  immune  varieties.  Charcoal  rot  is  often  a  problem  when  the 
crop  is  subjected  to  extreme  heat  or  drouth  during  the  fruiting  period; 
the  disease  causes  disintegration  of  the  pith  and  vascular  structures  in 
the  lower  part  of  the  stalk,  followed  by  premature  drying  of  the  plant  and 
lodging.  No  complete  control  for  charcoal  rot  is  known,  but  the  develop¬ 
ment  of  resistant  varieties  offers  the  best  hope  for  control.  Several  other 
stalk  rots  are  of  lesser  importance.  (Quinby  et  al.  1958.) 


Harvesting  and  Storage 

Grain  sorghum  is  usually  harvested  from  standing  stalks  with  a  com¬ 
bine.  The  grain  is  physiologically  mature  when  the  greenest  seeds  drop 
to  35  per  cent  moisture,  but  it  should  not  be  harvested  until  the  grain  has 
dried  to  13  per  cent  or  less  moisture  unless  the  grain  is  to  be  dried 
artificially. 

In  the  threshing  operation  the  combine  should  be  adjusted  so  that  all 
the  grain  is  threshed  and  separated  from  the  stalks,  a  minimum  amount  of 
grain  is  cracked,  and  as  little  trash  as  possible  is  left  in  the  grain. 


Fig.  27. 


Courtesy  AUis-Chalmers  Mfg 
Harvesting  Combine  Grain  Sorghum  With  a  4-Row  Self- 
1  ropelled  Combine 
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Varieties  differ  in  their  suitability  for  harvesting  from  green  plants 
before  a  killing  freeze.  Some  varieties  have  a  genetically-conditioned 
head-drying  character  that  results  in  the  rapid  drying  of  the  grain  and 
head,  while  others  tend  to  keep  the  grain  at  moisture  levels  too  high  for 
harvest  until  the  plants  are  killed  by  frost. 

Chemicals  can  be  used  to  kill  sorghum  head  tissues  and  speed  drying, 
thus  permitting  earlier  harvest,  but  the  use  of  these  harvest-aid  chemicals 
must  be  limited  to  fields  for  seed  production  until  they  are  cleared  for  use 
on  food  and  feed  grains. 

Most  of  the  sorghum  grain  is  taken  directly  from  the  combine  to  coun¬ 
try  and  terminal  elevators,  but  in  some  areas  a  part  of  the  crop  is  stored 


on  farms. 

In  the  more  humid  areas,  much  of  the  grain  must  be  dried  befoie  it 
can  be  stored  safely.  At  elevators  most  drying  is  done  with  heated  air  in 
relatively  high-capacity  driers,  but  sorghum  can  be  dried  with  unheated 
air  quite  satisfactorily.  For  drying  with  unheated  air  the  recommended 
depths  of  grain  of  different  moisture  contents,  the  air  flow  per  bushel, 
and  the  periodicity  of  aeration  will  vary  with  local  temperature  and 


humidity  values. 

A  tight  structure  is  necessary  to  protect  stored  grain  from  weather 
birds  rodents,  and  insects.  Bins  and  storage  areas  should  be  cleaned  and 
sprayed  with  a  residual  insecticide  before  grain  is  stored.  The  gram 
should  be  checked  for  temperature,  moisture,  and  insect  activity  as  often 
as  necessary  under  the  particular  storage  conditions. 

Stored  sorghum  grain  may  be  attacked  by  the  common  insects  of  stored 
grain  such  as  the  Angoumois  grain  moth,  rice  weevil,  granary  weevil, 
and  others.  The  storage  of  clean  dry  grain  in  clean  bins,  along  with 
aeration  and  fumigation  as  necessary,  will  control  these  insects. 


STRUCTURE  AND  COMPOSITION  OF  GRAIN 

The  kernel  of  sorghum  is  similar  in  many  respects  to  that  of  com, 
but  there  are  some  important  differences  in  structure  and  composition 
One  of  the  most  striking  differences  is  the  smaller  size  and  spherical 

The  outer  part  of  the  homy  “^^naccou!‘  cells  called  the  dense 
peripheral  'X^  ^  The  floury  endosperm  in  sorghum  is 
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Table  20 

FEEDSTUFF  ANALYSIS  OF  SORGHUM  AND  CORN,  PER  CENT,  DRY  BASIS 


Component 


Ash 

Fat 

Protein 

Fiber 

Nitrogen-free  extract 


1  Baird  (1910). 

ELEMENTAL  ANALYSIS  OF  THE  ASH  OF 

TEXAS  IN  1951, 

Table  21 

redbine-66  sorghum  GRAIN  GROWN  IN  MOORE  COUNTY 
PER  CENT  OF  GRAIN  AS  RECEIVED1 

Element 

Per  cent2 

Phosphorus 

0.4 

Potassium 

0.3 

Magnesium 

0.2 

Calcium 

0.02 

Iron 

0.02 

Manganese 

0.02 

Zinc 

0.008 

Silicon 

0.004 

Boron 

0.001 

Lead 

0.001 

Aluminum 

0.0004 

Molybdenum 

0.0001 

Copper 

0.00008 

Nickel 

0.00008 

Sodium 

0.00008 

Chromium 

0.00004 

Tin 

0.00004 

Titanium 

0.00004 

1  From  McNeill  (1952). 

2  By  semi-quantitative  spectrographic  analysis. 


Kafir 

Corn 

1  .63  ' 

1.53 

4.14 

4.68 

13.81 

11.09 

2.72 

1.92 

77.61 

80.73 

Table  22 

Characteristics  of  the  fat  of  sorghum  and  corn1 


Values 


Measurement  Kafir  Corn 


Specific  gravity  0.94  0  924 

Melting  point  111.6°  F.  66.2°  F. 

Iodine  number  109.7  146 

Saponification  number  249.1  190 

Reichert-Meissel  number  6.10  7  05 

Acetyl  number  42  2  R  T 


1  From  Baird  (1910). 


generally  similar  in  physical  characteristics  to  that  of  corn  (Watson  and 
Hirata  1955). 


he  chemical  composition  of  grain  sorghum  is  similar  to  that  of  corn 
Generally,  sorghum  has  more  protein  than  corn,  less  fat,  about  the  same 
amount  and  proportion  of  carbohydrate  components,  more  tannin  and 
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Table  23 

COMPARISON  OF  THE  VITAMIN  CONTENT  OF  SORGHUM  AND  CORN,  MICROGRAMS  PER  GRAM. 

DRY  BASIS1 


Vitamin 

Yellow 

Corn 

Milo 

Riboflavin 

0.93 

1.11 

Nicotinic  acid 

25.9 

51  .4 

Pantothenic  acid 

4 . 6 

7.0 

Biotin 

0.092 

0 . 30 

Pyridoxine 

Xanthophyll  and  carotenoid  pigments 

6 . 9 

5  to  70 

6 . 4 

None 

1  From  Anon.  (1958). 


Table  24 


COMPARISON  OF 


THE  AMINO  ACID  COMPOSITION  OF  THE  PROTEINS 
PER  CENT  OF  THE  PROTEIN  FRACTION1 


Amino  Acid 

Glutamic  acid 

Leucine 

Isoleucine 

Phenylalanine 

Methionine 

Valine 

Threonine 

Tryptophane 

Lysine 

Arginine 

Histidine 

Total  protein  in  grain 

i  From  Baumgarten  et  al.  (1946). 


Corn 


22.4 

14.9 

6.4 

5.3 

2.2 

5.3 

3.2 

0.5 

3.2 

4.3 
3.2 


9.4 


OF  CORN 


Milo 


21  .9 
15.2 
5.9 
5.1 
0.8 
5.9 
2.5 
0.8 
2.5 

3.4 

2.5 

11.9 


AND  SORGHUM, 


and  except  for  the  new  yellow  endosperm  varieties,  no  xanthophyll 
and' carotenoid  pigments.  Table  20  presents  representative  analyses 

corn  and  sorghum.  some  extent  the  soil 

a  general  way  to  those  °  c0™’  "  presented  in  Tables  22,  23,  and  24. 
teristics.  Some  representative  data  are  pies< 

UTILIZATION 

The  principal  use  of  ^re  thin  90  pTcTt  “The 

feeds,  and  this  use  usually  acco  imately  equal  to  corn 

sorghum  grain  produced.  «  g  livestock,  although  the  differences  in 

vuamfc  A  should  be  considered.  Sorghum 
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may  be  used  directly  as  a  feed  grain,  or  it  may  be  processed  by  the  mixed- 
feed  industry  into  commercial  feeds. 

The  industrial  utilization  of  sorghum  grain  is  a  relatively  recent  develop¬ 
ment,  although  the  industrial  potential  has  long  been  recognized.  Sor¬ 
ghum  is  now  used  in  the  wet-milling  industry,  in  dry-milling,  and  in  the 
fermentation  industries.  The  primary  product  of  wet-milling  is  starch 
and  its  derivatives,  with  an  edible  oil  and  gluten  feed  as  the  principal  by¬ 
products.  The  starch  is  used  in  food  products,  adhesives,  and  sizings. 
The  dry-milling  process  produces  a  low-protein  flour  and  a  feed  by¬ 
product.  The  flour  can  be  substituted  for  pure  starch  in  many  uses;  it  is 
currently  used  as  an  adhesive  in  the  manufacture  of  gypsum  wallboard 
and  as  an  ingredient  of  oil-well  drilling  muds.  Fermentation  industries 
using  some  sorghum  are  the  beverage  distillers,  brewers,  and  manufac¬ 
turers  of  industrial  alcohols  (Martin  and  MacMasters  1951). 

The  only  use  of  sorghum  as  a  human  food  in  the  United  States  is  in 
the  form  of  products  containing  manufactured  sorghum  starch  or  its 
derivatives.  In  large  parts  of  Asia  and  Africa,  however,  it  is  the  most 
important  food  grain  and  makes  up  a  large  part  of  the  human  diet,  with 
sorghum  in  some  form  being  eaten  at  each  meal  ( Karper  and  Quinby 
1947).  The  use  of  sorghum  for  food  could  be  greatly  expanded  in  much 
of  the  world  if  the  need  arose,  but  for  most  areas  outside  those  where 
it  is  now  used  as  food  it  would  be  necessary  to  improve  the  grain  quality 
of  present  varieties  to  make  the  grain  more  acceptable  as  food.  Pop- 
sorghum,  a  sorghum  that  pops  like  popcorn  but  with  a  lower  expansion 
ratio,  offers  some  possibilities  for  food  use  as  a  confection  or  as  a  milled 
product  prepared  from  the  popped  grain. 
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CHAPTER  7 


H.  M.  Beachell 


Rice 


INTRODUCTION 

Rice,  one  of  the  oldest  and  most  important  food  crops,  is  the  staple  food 
of  over  half  the  world’s  population.  World  rice  acreage  exceeded  250,- 
000,000  acres  during  the  five-year  period,  1951  to  1955.  Annual  world 
production  of  rough  rice  for  the  same  period  approximated  386  billion 
pounds. 

Over  92  per  cent  of  the  world  rice  crop  is  produced  in  Asia  and  ad¬ 
jacent  island  areas  of  dense  population.  An  even  higher  percentage  is 
consumed  in  these  same  countries.  In  spite  of  this  intense  culture,  most 
Asiatic  countries  are  deficient  in  rice.  Only  Burma,  Thailand  and  Indo¬ 
china  have  an  exportable  surplus. 

The  United  States  produces  slightly  over  one  per  cent  of  the  total 
world  rice  crop  but  is  the  third  largest  rice-exporting  country.  The 
major  rice-growing  states  are  Arkansas,  California,  Louisiana,  Mississippi 
and  Texas,  where  production  methods  are  highly  mechanized.  The  ma¬ 
chinery  and  methods  used  in  growing  and  harvesting  the  crop  are  much 
the  same  as  those  used  in  producing  other  small  grains,  except  that  the 
fields  are  kept  flooded  throughout  most  of  the  growing  season. 


ORIGIN  AND  ANTIQUITY  OF  RICE 

Rice  probably  originated  somewhere  in  Southeast  Asia,  where  it  has 
been  grown  for  many  centuries.  The  earliest  record  of  rice  production 
in  China  dates  back  to  about  2800  B.C.  (Chose  et  al.  1956)  and  in  India 
back  to  1000  years  B.C.  Later,  rice  culture  spread  westward  to  the 
Middle  East,  Africa  and  Europe.  It  was  cultivated  in  the  Euphrates 
Valley  in  400  B.C.,  was  mentioned  by  the  Greek  poet  Sophocles  in  the 
Tragedies  in  495  B.C.  and  was  brought  to  Southern  Europe  in  Mediaeval 
times  by  the  Saracens.  It  has  long  been  an  important  crop  and  food  in 
Spain,  Italy,  and  Portugal. 

liice  culture  in  the  United  States  began  about  1685  in  South  Carolina 
and  later  spread  to  North  Carolina,  Georgia,  Alabama,  Mississippi  and 
Florida  (Jones  1936).  As  late  as  1849,  South  Carolina,  North  Carolina  and 
Georgia  produced  about  90  per  cent  of  the  United  States  rice  crop. 

pale^^  a-pertmen,  Station,  U.  S.  De- 
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Fig.  28.  Plowing  Land  in  Preparation  for  Seeding 


Following  the  Civil  War,  rice  production  in  the  South  Atlantic  states 
decreased  rapidly,  followed  by  an  increase  in  acreage  along  the  lower 
Mississippi  River  in  Louisiana.  By  1900  rice  production  had  spread  to 
the  coastal  prairies  of  Louisiana  and  Texas  and  by  1905  was  being  grown 
in  the  Grand  Prairie  of  southeastern  Arkansas.  By  1909  Louisiana  and 
Texas  were  producing  about  90  per  cent  of  the  United  States  rice  crop. 
In  1912  the  first  commercial  acreage  of  rice  was  grown  in  California. 

Today,  the  five  major  rice-producing  states  are  Texas,  Louisiana,  Ar¬ 
kansas,  California  and  Mississippi,  ranking  in  that  order.  Rice  has 
also  been  grown  commercially  in  Missouri,  along  the  Mississippi  River 
as  far  north  as  Palmyra.  The  average  farm  value  of  the  United  States  rice 
crop  for  the  five-year  period  1951  to  1955  was  about  $266,000,000.  It  is 
the  major  cash  crop  in  most  of  the  counties  and  parishes  where  grown. 

BOTANY  OF  THE  RICE  PLANT 

Cultivated  rice  (Oryza sativa)  belongs  to  the  Gramineac  or  grass  family 
and  the  tribe  Oryzeae.  Unlike  the  other  cereal  crops  nee  is  a  semi- 
anuatic  plant  which  thrives  under  flooded  soil  conditions  The  chrome 
some  number  of  Oryza  sativa  is  24  (2N).  Among  the  wild  species,  both 
24  and  48  chromosome  types  are  reported. 

Over  60  species  of  Or,,,, 

are  generally  recognized,  according  to  Chatterjee  {  ) 
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Table  25 


THE  SPEC.ES  OF  ORYZA  MOST  COMMONLY  RECOCN.ZED.  SHOWING  THEIR  CHROMOSOME  NUMBER 
THE  SPECIE!>  °  AND  AREA  OF  THE  WORLD  WHERE  FOUND1 _ _ 


Species  of  Oryza 


Number  of 
Chromosomes 


Country  of 
Origin 


Oryza  sativa  (Cultivated  rice) 

Oryza  glabcrnma  (Cultivated  in  Afi  ica  ) 

Oryza  sativa  var.  fatua  (spontanea) 

Oryza  alta 
Oryza  australiensis 
Oryza  brachyantha 
Oryza  breviligulata 
Oryza  coarctata 

Oyrza  cubensis — sometimes  classed  under  Oryza 
pcrennis 
Oryza  eichingeri 
Oryza  grandiglumis 
Oryza  granulata 
Oryza  latifolia 
Oryza  meyeriana 
Oryza  minuta 
Oryza  officinalis 
Oryza  pcrennis 
Oryza  perneri 
Oryza  punctata 
Oryza  ridleyi 
Oryza  schlecteri 

Oryza  stapfii — sometimes  classed  under  Oryza  syl- 
vestris 

Oryza  subulata 
Oryza  lisseranti 


24 

Asia 

24 

Africa 

24 

Asia 

48 

America 

24 

Australia 

24 

Africa 

24 

Africa 

48 

Asia 

24 

America 

48 

Africa 

24 

America 

48 

Asia 

48 

America 

24 

Asia 

48 

Asia 

24 

Asia 

24 

Asia,  Africa,  America 

Madagascar 

Africa 

48 

Asia 

New  Guinea 

48 

Africa 

24 

America 

Africa 

1  Formulated  from  information  reported  by  Chatterjee  (19481,  Jones  and  Longley  (1941),  Ramiah  and  Rao 
(1953),  and  Sampath  and  Rao  (1951). 


wild  species  are  found  in  Southeast  Asia  and  Africa,  but  several  species 
have  been  reported  from  the  Western  Hemisphere.  A  list  of  the  more 
commonly  recognized  species  of  Oryza  are  shown  in  Table  25. 

Cultivated  rice  does  not  cross  freely  with  most  wild  species,  except  that 
sativa  and  glaberrima  intercross  freely  (Ramiah  and  Rao  1953).  A  num¬ 
ber  of  interspecific  crosses  have  been  reported  by  Ramiah  and  Chose 
( 19ol)  and  Sampath  and  Rao  ( 1951),  but  only  limited  information  on  the 
subject  is  available.  F urther  cytogenetic  studies  of  interspecific  hybrids 
are  needed  before  the  relationship  between  cultivated  rice  and  the  various 
wild  species  can  be  established.  Ramiah  and  Chose  ( 1951)  reported  that 
useful  forms  somewhat  resistant  to  drought  were  obtained  from  a  cross 
between  Oryza  sativa  and  Oryza  perennis. 

Ramiah  and  Rao  ( 1953)  state  that  over  8,000  botanically  different  varie¬ 
ties  of  rice  are  in  existence  in  the  world  and  that  more  than  4,000  varieties 
have  been  identified  in  India.  Jones  et  al.  (1953)  report  that  over  8,000 
varieties  and  selections  were  introduced  into  the  United  States  for  testing 
pm  poses  during  the  50-year  period  1903  to  1952. 
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Fig.  29.  Levelling  Land  in  Preparation  for  Rice  Seeding 


The  varieties  of  Orijza  sativa  are  usually  divided  into  two  subspecies, 
japonica  and  indica.  Ghose  et  cil.  (1956)  base  classification  on  morpho¬ 
logical  differences,  response  to  temperature  and  length  of  day.  All  of  the 
japonica  types  have  essentially  the  same  grain  and  panicle  type,  accord¬ 
ing  to  Ramiah  and  Ghose  ( 1951).  Crosses  between  indica  and  japonica 
varieties  show  varying  degrees  of  sterility.  Jones  and  Longley  (1941) 
concluded  that  japonica  and  indica  varieties  probably  had  a  common 
origin  many  centuries  ago  and  that  gene  mutations  and  chromosomal  re¬ 
arrangement  are  responsible  for  this  incompatability.  In  the  Unite 
States,  the  japonica  and  indica  sub-species  have  been  intercrossed  and 
several  important  commercial  varieties  developed.  A  more  complete 
description  of  the  japonica  and  indica  varieties  will  be  undertaken  in 
discussing  the  varieties  grown  in  the  United  States. 

The  rice  plant  has  a  branched  panicle  type  inflorescence.  T  le  spi  e  - 
lets  are  borne  on  the  panicle  branches,  and  each  spikelet  contains  a  single 
ovule  and  six  anthers.  The  ovule  when  fertilized  forms  the  rice  giam 
which  is  covered  by  loose  outer  hulls  called  the  lemma  and I  palea.  ' T 
hulls  remain  intact  when  threshed  and  are  removed  as  a  first  step  in  the 
milling  operation.  At  the  base  of  the  lemma  and  palea  are  two  on  er 
glumes  which  remain  attached  to  the  grain  when  threshed  and  are  usually 

greatlv  reduced  in  size.  f  .i  ipqf 

■  The  rice  florets  usually  bloom  after  the  panicles  emerge ■  th< .M 

sheath.  Blooming  usually  occurs  at  about  the  same  tune  of  day  * 
region  where  grown,  but  the  exact  time  depends  upon  the  daily 
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tions  in  temperature  and  humidity.  In  the  United  States  this  occurs 
between  the  hours  of  8:00  a.m.  and  4:00  p.m.,  with  most  of  the  blooming 
occurring  between  10:00  a.m.  and  12:00  noon  (Adair  1934  and  Laude  and 
Stansel  1927).  Blooming  is  characterized  by  the  opening  of  the  lemma 
and  palea.  Simultaneous  with  the  opening  of  the  glumes  is  a  rapid 
elongation  of  the  styles  bearing  the  anthers.  Pollination  takes  place  as 
the  anthers  dehisce,  liberating  the  pollen  grains  which  fall  on  the  feathery 
stigma  attached  to  the  ovule.  The  glumes  usually  remain  open  about 
one  hour. 

Rice  is  a  self-fertilized  crop,  but  some  natural  crossing  occurs.  Natural 
crossing  has  been  reported  to  vary  from  a  fraction  of  1  per  cent  to  over 
3  per  cent  (Beachell  et  al.  1938). 

The  rice  grain  is  made  up  of  the  endosperm,  the  germ,  and  the  bran  or 
aleurone  layers.  The  bran  and  germ  are  high  in  oil  content.  The  com¬ 
position  of  rough  rice  at  13.6  per  cent  moisture,  according  to  Iso  ( 1954)  is 
79.7  per  cent  starch,  7.43  per  cent  protein  and  2.91  per  cent  fat.  As  will 
be  discussed  later,  there  is  a  wide  variation  in  the  physical  and  chemical 
makeup  of  the  starch  component  of  the  endosperm  of  different  varieties. 


PRODUCTION  AND  TRADE  STATISTICS 
Bice  production  is  widely  distributed  over  the  world  in  spite  of  the 
heavy  concentration  of  production  in  southeast  Asia.  It  is  grown  as 
far  north  as  northern  Japan  (Hokkaido)  and  as  far  south  as  Argentina 
and  Chile.  A  list  of  the  more  important  rice-growing  countries,  their 
acreage,  production,  average  yields,  per  capita  production  and  consump¬ 
tion  are  shown  in  Table  26.  The  production  figures  are  based  on  the 
five-year  period  1951  to  1955,  and  consumption  figures  are  based  on  the 
period  1934  to  1938. 

It  will  be  noted  that  average  acre  yields  vary  from  over  4,500  pounds 
in  Spain  and  Italy  to  less  than  1,500  pounds  in  such  countries  as  Indo¬ 
nesia,  Burma,  Pakistan,  Thailand,  India,  Indochina  and  the  Philippines. 
In  general,  the  tropical  countries  produce  low  acre  yields  in  comparison 
with  temperate  regions.  The  low  yields  produced  in  tropical  countries 
are  due  largely  to  the  intense  culture  practiced  and  the  fact  that  much 
°f  tllc  croP  1S  dependent  upon  the  monsoons  for  irrigation  water,  which 
may  or  may  not  be  adequate.  Drainage  is  also  poor  or  nonexistent.  The 
same  lands  are  cropped  year  after  year  to  rice,  with  little  fertilizer  beinc 
added.  Frequently,  lands  not  adapted  for  rice  production  are  used  in  an 
effort  to  meet  the  ever-increasing  needs  for  rice  as  food. 

acre/Tl"’  C™Trat7ly£hish  yields  are  Produced  (3,496  pounds  per 
);  7"'S  V  ®  reSl‘ f  °f  many  years  research  in  the  development  and 
use  ol  adapted  varieties  and  good  cultural  practices.  Controlled  irrigi 
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tion,  soil-building  crops  and  commercial  fertilizers  also  contribute  to 
the  higher  yields  produced  in  Japan.  The  extremely  high  yields  produced 
in  Spain,  Italy  and  Portugal  are  due  to  the  use  of  soil-building  rotation 
systems,  the  use  of  large  amounts  of  commercial  fertilizers  and  the  dry 
climate  resulting  in  less  disease  and  insect  problems. 
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Luc.  30.  The  Disk  Type  Levee  Builder  is  Widely  Used  for  Constructing  Con- 
’  tour  Field  Levees  on  the  Lighter  Soils  Found  in  the  Southern  States 

Average  acre  yields  produced  in  the  United  States  from  1899  through 
1957  are  shown  by  two-  and  five-year  averages  in  Table  2  .  j  wi  ^  e 
noted  that  the  average  yield  for  the  two-year  period  1  1 

only  1,207  lbs.  per  acre,  and  by  the  period  1906  to  1910  it  had  mc^ec 
to  1642  lbs.  Little  change  in  average  yields  occurred  until  - 
1930,  when  the  five-year  average  increased  to  2  000  lbs.  per  acre. 

Again  there  was  little  change  in  average  yields  until  the  penod  19^ 
to  1955  when  the  five-year  average  yield  increased  to  -  • 

year  average  for  the  years  1956  and  1957  was  2,939  bs  and  the  year 
1957  was  an  all-time-high  year,  with  an  average  \to<  o 

aCTehe  increase  in  average  vields  occurring  during  the  period  1926  to  1930 

Prior  to  this,  mules  and  unadapted  tiact  .  ■  0 

While  a  slight  increase  in  average  yield  occurred  from 
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Table  26 


WORLD  RICE  ACREAGES,  PRODUCTION,  AVERAGE  YIELD,  PRODUCTION  AND 
CONSUMPTION  IN  LEADING  RICE-PRODUCING  COUNTRIES,  1951tO  1966  AVERAGE 


Country 

Acreage 

1  ,000 
Acres 

Pro¬ 

duction 

Million 

Lbs. 

Average 
Acre  Yield' 
lbs.  per 
Acre 

Per  Capita1 
Production 
Rough  Rice 
Lbs. 

Per  Capita2 
Consumption 
Milled  Rice 
Lbs. 

Brazil3 

5,487 

7,367 

.1 

1,343 

120 

664 

United  States 

2.085 

5,282 

.9 

2,534 

31 

5 

Italy 

428 

1,954 

.2 

4,566 

40 

23 

Portugal 

85 

322 

9 

3,799 

36 

1 5 

Spain 

161 

787. 

9 

4,894 

27 

14 

Burma 

10,538 

13,869 

0 

1,316 

692 

312 

China8 

55,789 

125,287 

.0 

2,246 

211 

191 

India 

75,791 

84,900 

0 

1,120 

219 

176 

Indochina6 

8,810 

9,111 

.7 

1,034 

526 

307 

Indonesia 

16,144 

23,939 

8 

1,483 

285 

189 

Japan 

7,555 

26,409. 

,5 

3,496 

291 

294 

Korea 

2,548 

6,658. 

0 

2,613 

218 

200 

Malaya 

829 

1.422 

5 

1,716 

227 

413 

Pakistan 

23.446 

27,797. 

1 

1,186 

328 

176 

Philippines 

6,548 

6,876 

4 

1 ,050 

303 

212 

Taiwan  (Formosa) 

1,908 

4.708 

0 

2,468 

5707 

Thailand  (Siam ) 

13,316 

15,781 

1 

1,185 

692 

215 

Egypt 

518 

1  .691 

.7 

3,266 

72 

37 

Madagascar 

1  ,849 

2,431 

4 

1.315 

5407 

266 

Other  world  countries 

18,801 

19.487 

4 

1  ,037 

World  total  or  average 

252,636 

386,085. 

6 

1,528 

141 

90* 

1  Population  data  used  in  computing  per  capita  production  obtained  from  “1958  Yearbook,  Encyclopaedia  Brit- 
tanica.” 


2  Per  capita  consumption  figures  are  for  the  period  1934  to  1938  and  from  EfTerson  (1952)  except  where  later 
figures  were  available. 

3  Data  not  otherwise  attributed  have  been  obtained  from  Agricultural  Statistics,  U  S  Dept  Agr 

4  1948  per  capita  consumption  from  Efferson  (1952). 

5  Includes  Manchuria  and  Tibet. 

6  Includes  Cambodia,  Laos  and  South  Vietnam. 

7  Population  data  from  Rand  McNally-Cosmopolitan  World  Atlas,  1956 

8  Based  on  65  per  cent  of  average  rough  rice  yields. 


there  was  a  slight  drop  in  yield  from  1941  to  1950.  The  drop  was  only 
slight  and  occurred  during  a  period  of  intense  cropping  of  lands.  Yields 
were  maintained  at  the  recent  high  level  because  of  improved  equipment, 
increased  use  of  commercial  fertilizers  and  improved  varieties. 

The  increases  in  yields  during  the  1951  to  1955  period  can  be  attributed 
to  the  increased  use  of  commercial  fertilizers,  the  use  of  herbicides  for 

Jeeds’ impr0ved  cultural  practices  and  better  varieties.  The 
f  to  1957  increases  were  brought  about  in  part  through  acreage  con- 

t.o  s.  Farmers  no  doubt  cropped  their  better  lands  to  rice  and  made 
hiller  use  of  good  farming  practices. 

Average  yields  produced  in  the  different  states  varv  considerably  Cali 
forma  has  consistently  produced  higher  average  Welds  than  the  other 
States,  as  shown  in  Table  28.  The  twelve-year  average  yield  0946  to 

2  647  lbs'fo  Wrma  WaS  o’3"6  lbs'  per  **  compared  with  yields  o 
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due  in  part  to  soil  and  climate  conditions  and  to  varieties  grown. 

The  lower  yields  produced  in  Louisiana  are  due  to  the  fact  that  the 
lands  used  for  rice  production  in  Louisiana  have  been  heavily  cropped  to 
rice  for  many  years.  From  the  early  1900’s  until  recently,  much  of  the 
rice  land  of  Louisiana  produced  a  rice  crop  every  other  year.  The  same 
is  true  of  some  of  the  lands  in  the  eastern  part  of  the  Texas  rice  area. 


Wm  I 


Hydraulically  Controlled  Steel  Blade  Levee  Pushers  are  Used  for 
Constructing  Contour  Field  Levees  on  the  Heavier  Soils 


Fig.  31. 


Broadleaf  weeds,  annual  grasses  and  sedges  have  heavily  infested  the 
fields  and  have  been  at  least  partly  responsible  for  the  low  yields, 
proved  cultural  practices  such  as  land  leveling,  chemical  weed  conbo' 
and  water  seeding  have  helped  to  raise  the  average  yields  on  these  lands. 


Exports  and  Imports 

Total  world  exports  and  imports  of  milled  rice  are  shown  in  Table  29. 
booted  that  only  a  small  percentage  of  the  total  world  rice  crop 
^  w  ,  ,  i  tKp  3  vpar  average  annual  export  and  1m 

s,ig"tly  over  11  Tf 

port  otals  for  the  period  1  „  t0  less  than  five  per  cent  of 

lbs.  (Anon.  1955  and  1J5  ).  ,  m  pounds  of  milled  rice, 

the  total  world  crop  of  approximately  25U  trillion  p 
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Table  27 


average  rice  yields  in  pounds  per  acre  produced  in  the  united  states  during  the 

period  1899  to  1957 


Years 

Average 

Yield  in 

Lbs.  per  Acre 

1899-1900 

1  ,207 

1901-1905 

1,442 

1906-1910 

1,642 

1911-1915 

1,599 

1916-1920 

1  ,791 

1921-1925 

1,754 

1926-1930 

2,000 

1931-1935 

2,137 

1936-1940 

2,257 

1941-1945 

2,005 

1946-1950 

2,161 

1951-1955 

2,523 

1956-1957 

2,939 

Table  28 

ACREAGE  AND  AVERAGE  YIELDS  IN  POUNDS  PER  ACRE  PRODUCED  IN  THE  VARIOUS  RICE-GROWING 

STATES  FOR  THE  PERIOD  1946  TO  1957 


Period  of  Years  Average, 

1 9461 to  1951 1  to  19563  to  1946- 

State  1950  1955  1957  19573 


Arkansas 

Acreage  (1,000  acres)  359 

Ave.  yield  (lbs.  per  acre)  2,200 

Louisiana 

Acreage  (1,000  acres)  594 

Ave.  yield  (lbs.  per  acre)  1,768 

Mississippi 

Acreage  (1,000  acres)  6 4 

Ave.  yield  (lbs.  per  acre)  2,700' 

Texas 

Acreage  ( 1 ,000  acres )  483 

Ave.  yield  (lbs.  per  acre)  2,077 

California 

Acreage  (1,000  acres)  255 

Ave. yield  (lbs.  per  acre)  3,216 

United  States 

Acreage  ( 1 ,000  acres )  1,694 

Ave.  yield  (lbs.  per  acre)  2,161 


498 

2,370 

364 

2,966 

418 

2,399 

602 

2,210 

428 

2,491 

573 

2,070 

51 

2,515 

39 

2,923 

39 

2,647 

562 

2,650 

381 

2,874 

499 

2,449 

372 

3,185 

263 

3,835 

305 

3,306 

2,089 

2,523 

1,501 

2,939 

1,826 

2,453 

i  An™nPU(m8)°m  “ASricul,ural  Statistics”  1948  to  1956. 

’  Based  on  averages  of  individual  years 
I  wo-year  average,  1 949  and  1 950. 


rtST  USUa"y  Ca,CUlated  <>n  the  o'  65  Per  cent  of  the  rough 
Sties  'ti'"'8  exp0rt!ng  C0untries  are  Burma,  Thailand,  and  the  United 
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Table  29 

LEADING  RICE  EXPORTING  AND  IMPORTING  COUNTRIES  FOR  THE  PERIODS  1946  TO  1950  AND 
1954  TO  1956,  EXPRESSED  IN  POUNDS  OF  MILLED  RICE  EQUIVALENT 

Average  Annual  Exports  Average  Annual  Imports 
for  the  Years  for  the  Years 


1946-1950  1954-1956  1946-1950  1954-1956 

Country  (1,000  Lbs.)  (1,000  Lbs.)  (1,000  Lbs.)  (1,000  Lbs.) 


North  America 
Canada 
Cuba 

United  States 
Europe 

Belgium  and  Luxembourg 
France 

Germany  (Western) 

Italy 

Netherlands 

Portugal 

Spain 

United  Kingdom 
Asia 
Burma 
Ceylon 
China 
Hong  Kong 
India 
Indochina 
Indonesia 
Japan 
Malaya 
Pakistan 

Philippines,  Republic  of 
Taiwan 
Thailand 
South  America 
Argentina 
Bolivia 
Brazil 

British  Guiana 
Colombia 
Ecuador 
Africa 
Egypt 

French  West  Africa 
Oceania 
World  Total 


1,032,068 
1 ,026 

1 

962,170 
198,998 
603 
1 ,001 

177^639 

11,906 

4,394 

118 

3,120 

4,660,562 

2,147,120 

1,812 

2,814 

17,218 

31,283 

244,605 

1,458 

7,909 

21,951 

73,190 

31,555 

52,362 

1,919,197 

553,657 

3,344 

2 

321 ,092 
51,496 
3,704 
125,520 
587,125 
548,238 
798 
61,326 
7,093,736 


i  Two-year  average  1954  and  1955 


1,480,510 

2,315 

1 ,462,691 
787,574 

26.535 
3,845 
4,504 

526,084 

59,193 

9,954 

129,901 

8,151,086 

3,647,436 

12,432 

731,667 

10,087 

95,249- 

400,775 

28,304 

338 

130,597 

304.677 

5,762 

231.535 
2,657,527! 

353,960 

64,858 

76, 374 
98,253 


704.811 
42,747 

540,796 

3,170 

515,259 

47,354 

78,731 

88,967 

748 

52,742 

18,066 

1,402 

83,431 

5,261,322 

810,906 

501,306 

284.812 
1,244,174 

O'* 

453,363 

388,872 

810,577 

35,410 

237,105 

3,489 

91,356 

95 

17,664 


4,’  200 


38,251 

469,204 

339,268 

80,344 

11,665,152 


296,688 

63 

75,083 

39,539 

6,908,975 


568,737 

67,794 

313,210 

18,259 

1,452,676 

120,326 

163,190 

224,582 

864 

199,183 

1,833 

4 

193,749 

8,457,443 

939 , 668 
71 ,667 
4,619,573 
940,746 

844,118 

2,526,675 

I. 073,196 
324,109 
107,061 

317 

58, 244 

24, 940 
1 

24, 560 
1 

668,378 

102 

203,195 

55,355 

II, 260,832 


country  producing  slightly  over  one  per  cent  of  the  world 1  crop ,  accents 

for  roughly  ten  per  cent  of  the  world  nee  exports.  Ihe 

annually  exports  over  50  per  cent  of  its  tota  pr°j  “<■ Indonesia, 

The  leading  importing  countries  are  Japan  Malaya  Ley 

India,  Hong  Kong,  Pakistan  and  Cuba.  Cul«  '“‘ent  years,  Japan  and 
market  for  United  States  rice  for  many  >  ‘  United  States  rice, 

other  Asiatie  countries  have  imported  considerable 
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THE  CULTURE  OF  RICE 


Climate 

Rice  can  be  successfully  grown  under  a  wide  range  of  climatic  condi¬ 
tions.  Most  of  the  world  rice  crop  is  grown  between  the  Equator  and 
40°N.  latitude,  but  rice  culture  extends  from  45°N.  to  40  S.  latitude. 
The  crop  is  commonly  associated  with  tropical  regions,  but  it  is  also 
widely  grown  in  temperate  regions.  The  many  types  of  rice  which  have 
evolved  through  the  centuries  of  extensive  rice  culture  vary  widely  in 
their  range  of  adaptability.  Rice  generally  requires  a  minimum  growing 
season  of  4  to  5  months,  during  which  the  mean  temperature  averages 
70°F.  or  above.  The  crop  is  grown  at  altitudes  of  from  sea  level  to  over 
5,000  feet  (Efferson  1952  and  Ghose  et  al.  1956). 

In  tropical  humid  regions,  rank-growing  long-season  varieties  are  com¬ 
monly  grown.  In  Malaya  and  parts  of  India  varieties  requiring  a  grow¬ 
ing  season  of  over  260  days  are  common.  These  tropical  varieties  tiller 
profusely  and  produce  rank  vegetative  growth  on  soils  that  are  annually 
cropped  to  rice.  In  low-lying  flood  plains  deep-water  rices,  commonly 
called  floating  rices,  are  grown.  These  rices  elongate  as  much  as  twelve 
inches  a  day  as  the  waters  rise  and  may  reach  a  height  of  12  to  20  feet. 

In  temperate  regions  short-season  varieties  maturing  in  85  to  145  days 
are  grown.  1  hey  are  usually  hardy,  somewhat  short-stature  types  that 
can  withstand  wide  variations  in  daily  temperatures  and  will’  produce 
satisfactory  yields  when  grown  in  cold  irrigation  water. 


Soil  Types 

Rice  is  grown  on  a  wide  range  of  soil  types.  The  water  requirements 

faCt0r'S  than  are  SOil  ‘ypes.  The  pH  range 

soils  capable  „f  hold  H  7  *  '  19561 '■  Soi,s  with  ^pervious  sub- 

sons  capable  of  holding  Hood  water  are  desired  when  the  crop  is  grown 

under  flooded  conditions.  Flat  river  bottom  lands  or  leve  p  dries  Z 
can  be  readdy  flooded  make  ideal  rice  lands. 

The  soils  used  for  commercial  rice  production  in  the  United  States  * 

M^iZ^Zeavy'^days^'day'loainsZilMo'un'5'^  T*  <lrainaRe' 

Slowly  permeable  subsoils  are  preferred  SnchM’l  ^  T" ‘h  'T™  Wilh 
more  efficientlv  and  will  sunnm-i  l,.  ,  S  Can  fl°od-irrigated 

Wider  range  of  soil  moisture  conditions  ZaTTghtt  ZZTl  “"fZ  * 
type  occur  in  the  coastal  nrairie  r^rir^  c  ,  ^  solls-  S°ds  of  this 

eastern  Texas  (Walker  and  Miears  1957  “t!  L°Uishin'd  and  south' 
Prairie  and  other  areas  in  eastern  \rk ins ,  They,ako  oceur  in  the  Grand 

states  and  in  the  interior  valleys  of  CaliforniaZCiT  pllntts  Thigh 
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alkali  tolerance  and  is  sometimes  grown  for  reclaiming  such  lands  ( Effer- 
son  1952). 

Water  Requirements  and  Irrigation 

The  commercial  rice  crop  of  the  United  States  is  grown  as  an  irrigated 
crop,  and  fields  are  kept  flooded  throughout  the  greater  part  of  the  grow¬ 
ing  season.  The  rice  plant  requires  abundant  soil  moisture  and  usually 
thrives  under  continually  flooded  soil  conditions.  This  requires  an  abun¬ 
dant  supply  of  readily  available  irrigation  water  throughout  the  growing 
season.  Flooding  of  fields  provides  a  means  of  controlling  many  serious 
weed  pests  and  assures  adequate  moisture  at  all  times  for  optimum 
growth  and  development  of  the  rice  plant. 


C  Vy-v-* 

„„ - - - „ - , 

'W,  wmt, 

..  ..  . 


F.c  3,  Hexvv  Off-Set  ^  ” 

The  total  water  requirements  ^ 

upon  the  type  of  soil,  climatic  com  i  K’n  ‘  acre-feet  of  water  are 

systems.  Davis  ( 1950)  estimates  thaOrom^  to  lO^ee^^  ^ 

required  to  produce  a  rice  crop  m  ‘  -1  and  Louisiana  and 

that  40  to  45  inches  of  water  are  reqmred  m  l«a  ^  requirements 

about  33  inches  are  reqiiued  in  ‘  n  amount  to  about  15  inches 
supplied  by  rainfall  during  the  gro  b  Arkansas  and  a  negligible 

i„  Texas  and  Louisiana,  about  11  inches 

amount  in  California. 
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In  the  Southern  States  the  land  may  be  drained  one  or  more  times  dur¬ 
ing  the  growing  season,  but  in  California  the  land  is  rarely  drained  from 
the  time  the  seed  is  sown  until  it  is  drained  for  harvest.  1  he  rice  plant 
also  grows  well  under  non-flooded  or  upland  conditions.  In  parts  of 
South  America  and  Asia  upland  rice  is  an  important  crop.  Efferson 
( 1952)  states  that  much  of  the  South  American  rice  crop  is  grown  under 
non-flooded  or  upland  conditions.  Upland  rice  is  grown  throughout 
Asia,  but  it  constitutes  only  a  small  percentage  of  the  total  acreage. 
Short-season  varieties  usually  maturing  in  100  to  125  days  are  used.  1  he 
land  is  cleared  and  the  rice  grown  during  seasons  of  frequent  rainfall. 
After  several  crops,  yields  usually  drop  off  due  to  reduced  fertility  and 
the  intrusion  of  weeds.  The  area  is  then  abandoned  and  another  area 
cleared.  Yields  are  low,  but  little  effort  is  required  to  produce  a  crop. 
In  the  United  States  small  acreages  of  upland  rice  are  grown  in  Alabama, 
Florida,  Georgia,  Mississippi  and  South  Carolina,  but  they  now  constitute 
less  than  one  per  cent  of  the  total  United  States  rice  crop.  In  the  United 
States  upland  rice  is  grown  as  a  cultivated  crop  sown  in  rows  l1/2  to  3 
feet  apart  (Jones  et  aJ.  1943). 

Irrigation  water  is  obtained  from  bayous  and  streams  and  from  deep 
wells.  According  to  Adair  and  Engler  (1955),  over  40  per  cent  of  the 
1953  United  States  rice  crop  was  irrigated  from  wells.  They  estimated 
the  percentage  of  the  crop  irrigated  from  wells  to  be  about  90  per  cent 
in  Arkansas,  40  per  cent  in  Louisiana,  20  per  cent  in  Texas  and  10  per 
cent  in  California. 

In  Texas  and  Louisiana  surface  water  obtained  from  bayous  and 
streams  is  pumped  into  canals  which  usually  flow  by  gravity  into  laterals 
leading  to  the  rice  fields.  The  size  of  the  irrigation  systems  varies  from 

a  few  thousand  acres  to  over  45,000  acres,  and  the  water  is  lifted  as  much 
as  50  feet  into  the  canals. 


In  some  sections  of  Arkansas,  Louisiana  and  Texas  small  pumping  sys¬ 
tems  are  installed  which  elevate  surface  water  from  streams  and  ditches 
into  reservoirs  during  periods  of  abundant  surface  water  supply  The 
water, Se.ther  pumped  or  flows  by  gravity  to  the  rice  fields  as  .reeded. 

I"?"0"'"™1  “I  ‘he  Water  used  for  rice  irrigation  is  directed  from 
8  ]'Sinee  the  water  is  usually  rather  cool,  warming  basins  are 

frequently  used  to  raise  the  water  temperature  before  irrigating  the  fields 

this  condZr'tyPe  Vari6tieS  arC  8r°Wn  in  CalifOTnia  help  overcome 


Range  of  Cultural  Practices  and  Rotation  Systems 
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Hooded  conditions,  using  oxen.  The  rice  is  either  sown  direct  or  trans¬ 
planted  to  fields  from  previously  sown  seedbeds.  In  many  areas  rain¬ 
fall  is  depended  upon  for  irrigating  the  crop.  Hand  harvesting,  thresh¬ 
ing  and  milling  practices  are  followed.  As  a  result,  an  average  of  over 
200  man-days  are  required  to  produce  an  acre  of  rice. 

In  the  United  States  highly  mechanized  production  methods  are  used 
which  require  less  than  two  man-days  to  produce  an  acre  of  rice.  Much 
the  same  general  type  of  equipment  is  used  as  for  producing  other  small 
grain  crops,  except  that  flood  irrigation  must  be  provided  for.  Flood 
irrigation  is  accomplished  by  leveling  the  land  and  then  building  con¬ 
tour  levees  or  dykes  which  are  located  by  survey  and  usually  placed  at 
contour  differences  of  two-tenths  of  a  foot  in  the  southern  states  and  at 
three-tenths  of  a  foot  in  California. 


* 


i  India  Pakistan  Ceylon  and  other  Asiatic  countries,  rice  has  been 

cropped  continuously  on  the  same  lands  for  cenh  ™ ,  SedfertUizer 
loJ  under  these  intense  cropping  cond.trons  whe  e  on  y  hnuted  ert 

Of  fertilizers  on  both  the 

"“teUmt'Id  sZs  lands  are  not  cropped  continuously  to  rice  year 
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after  year.  Rotation  systems  include  a  wide  variety  of  other  crops.  e 
frequency  of  rice  in  the  rotation  system  varies  with  the  soil  type  and  with 
the  economic  conditions  affecting  the  price  or  demand  for  rice.  As  a 
general  rule,  heavy  clay  soils  can  be  cropped  more  frequently  than 
lighter  soils.  Since  acreage  controls  were  enacted  in  1955,  fewer  rice 
crops  are  grown  in  the  rotation  systems  throughout  the  country.  More 
emphasis  is  being  placed  upon  those  practices  that  result  in  higher  acre 
yields  of  rice  and  more  efficient  production. 

Since  the  beginning  of  rice  production  in  Texas  and  Louisiana,  it  has 
been  a  common  practice  to  grow  one  or  possibly  two  rice  crops,  followed 
by  one  or  more  years  of  grazing  beef  cattle  on  the  vegetation  volunteering 
between  rice  crops.  Until  recent  years  little  effort  was  made  to  drain  the 
fields  until  they  were  again  prepared  for  rice.  Today  the  most  common 
rotation  system  used  in  Texas  and  Louisiana  is  rice  followed  by  improved 
or  unimproved  pasture  for  beef  cattle  grazing.  As  drainage  facilities  have 
improved,  more  acres  are  being  put  into  improved  pasture  when  not  in 
rice.  While  unimproved  pasture  rotation  systems  are  still  the  most  com¬ 
monly  used  practice,  improved  pastures  are  gradually  increasing  in  use. 
In  Texas  and  Louisiana  Evatt  and  Weihing  (1957)  and  Walker  and 
Miears  (1957)  report  that  rice  following  improved  pastures  yielded  648 
to  810  lbs.  (4  to  5  barrels)  more  than  rice  following  unimproved  pastures 
using  similar  rates  of  fertilizers. 

Improved  pastures  are  usually  followed  by  two  or  more  rice  crops.  Due 
to  the  high  cost  of  developing  improved  pastures,  a  field  should  be 
cropped  to  pasture  at  least  three  years  before  cropping  to  rice.  Costs  of 
converting  rice  lands  to  improved  pastures  are  reduced  by  seeding  pas¬ 
ture  crops  immediately  following  rice  without  seedbed  preparation  (Mon- 
crief  and  Weihing  1950).  The  rice  irrigation  and  drainage  system  is 
maintained  when  the  land  is  in  improved  pasture.  The  leading  crops  for 
improved  pastures  according  to  Weihing  et  al  (1950),  include  White 
Persian  and  Hop  clovers,  Bermudagrass  and  Dallisgrass.  Hay  crops  such 
as  lespedeza,  Alyce  clover  and  ryegrass  are  sometimes  used  in  rotation 
with  nee,  particularly  on  the  lighter,  better-drained  soils.  Cotton,  soy¬ 
beans,  peanuts  and  corn  are  occasionally  grown  in  rotation  with  rice  in 
Lexas  and  Louisiana. 

The  leading  crops  grown  in  rotation  with  rice  in  Arkansas  are  soybeans 
lespedeza  and  oats  (Jones  et  al.  1952  and  Mullins  and  Slusher'  1951)’ 

ey  are  usually  grown  as  cash  crops,  but  soybeans  and  lespedeza  are 

orTverthird'  ye  uT  ^  ^  *  grown  on  alternate  years 

Hlit  l  i  fn  \  pending  uP°n  economic  conditions  and  the  fer 

~  »d  . . .  fallow  rotatiems 
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As  late  as  1950  no  definite  rotation  system  was  used  in  California 
(Jones  et  cil.  1950).  It  is  difficult  to  grow  cultivated  crops  following  rice 
in  California  because  the  soils  used  are  heavy  clays  that  are  difficult  to 
work  following  the  long  flooding  period.  It  is  not  always  profitable  to 
grow  corn,  cotton,  grain  sorghum  or  beans  in  rotation  with  rice.  Wheat 
and  barley,  the  crops  grown  on  rice  lands  prior  to  rice  culture  in  Cali- 


Fig.  34.  The  Airplane  is  Used  for  Seeding  Much  of  the  United  States  Rice 
Crop  by  Dropping  Sprouted  Seed  in  Flooded  Fields 


fornia,  are  sometimes  grown  in  a  three-year  rotation  with  rice,  with  one 
year  of  summer  fallow  following  the  rice  crop.  Rice  and  summer  fallow 
in  alternate  years  are  also  used.  In  such  cases  the  land  is  spring-plowed 
following  rice  and  summer  fallowed  until  prepared  for  rice  the  following 
spring.  In  some  cases  the  land  is  not  summer-fallowed  but  the  volunteer 
vegetation  is  grazed  by  cattle  or  sheep. 


Field  Irrigation  System  and  Drainage 

One  of  the  first  steps  in  preparing  land  for  rice  production  is  the  loca¬ 
tion  of  field  laterals  and  drainage  ditches.  It  is  essential  that  irrigation 
laterals  and  drainage  ditches  he  properly  located  to  afford  uniform  su 
mergence  and  timely  drainage  of  fields.  Contour  levees  which  divide 
fields  into  sub-fields  or  paddies  are  located  by  survey  and  usual  y  pk^d  o 
grade  differences  of  two-  or  three-tenths  of  a  foot  Contour  levees  are 
located  after  the  land  has  been  plowed  and  leveled. 
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The  contour  levees  are  constructed  in  several  ways,  depending  upon 
the  soil  type  and  the  irrigation  practices  to  be  used.  On  the  lighter  soil 
types  in  Arkansas,  Louisiana,  Mississippi  and  Texas,  disk  levee  builders 
are  used  and  usually  require  two  or  more  passes  to  form  a  suitable  levee. 
On  the  heavier  soils  in  Louisiana  and  Texas,  hydraulically  controlled 
steel  blade  pushers  are  used.  These  pushers  are  custom  built  in  local 
machine  shops.  The  levee  area  is  plowed  to  the  center,  using  a  mold 
board  or  disk  plow  before  pushing.  A  second  plowing  and  pushing  is 
required  under  most  conditions.  When  possible,  levees  should  be 
formed  in  the  fall  or  early  winter  to  prevent  washouts  when  fields  are 
flooded. 

In  California,  extremely  large  pushers  or  dikers,  which  form  a  levee  in 
one  or  two  operations,  are  commonly  used.  They  require  much  power 
or  the  equivalent  of  two  large  track-type  tractors.  In  California,  the 
levees  are  usually  14  to  16  feet  wide  including  bar-ditches,  and  3  to  4 
feet  high.  In  the  Southern  States,  levees  are  seldom  over  10  to  12  feet 
wide  and  2  feet  high. 


Land  Preparation 

Rice  lands  may  be  plowed  in  the  summer,  fall,  winter  or  even  in  the 
spring  just  prior  to  seeding.  Summer  and  fall  plowing  are  practiced  as 
a  means  of  weed  control  when  land  cannot  be  used  profitably  for  growing 
another  crop. 

In  the  Southern  States  some  of  the  heavier  soils  are  plowed  when  wet, 
particularly  during  seasons  of  above  normal  rainfall.  The  soil  should 
be  completely  saturated  with  moisture  before  plowing. 

Much  of  the  rice  land  is  now  levelled,  using  land  planes  up  to  60  feet 
in  length.  Where  there  is  considerable  fall  to  the  land,  shorter  land 
planes  are  generally  used.  Land  levelling  has  proved  to  be  extremely 
profitable,  since  level  land  is  easier  to  drain  and  irrigate.  Rice  fields 
should  be  drained  thoroughly  when  the  young  rice  seedlings  are  emerg¬ 
ing  from  the  soil  and  again  when  the  fields  are  drained  for  harvest.  Un¬ 
less  the  land  is  completely  level,  standing  pools  may  remain.  It  is  im¬ 
portant  to  have  a  uniform  depth  of  irrigation  water  on  the  fields  to  control 
weeds  and  grass  properly  and  to  prevent  damage  to  the  rice  crop. 

Lands  are  made  ready  for  seeding  by  disking  and  harrowing.  Heavv 

offset  disks  perform  best  on  the  heavier  soil  types.  Custom  built  spike- 

oo  h  harrows  made  from  pipe  are  frequently  used  along  with  spring- 

ooth  harrows  as  a  final  operation  prior  to  seeding.  The  land  is  usual!  v 

e  t  rough  or  slightly  cloddy,  as  finely  prepared  seedbeds  are  more  likely 

o  cms  following  flooding  or  rains  and  they  also  stimulate  the  germination 
of  small  seeded  grasses  and  other  weed  pests  germination 
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Seeding  Procedures 

Most  of  the  United  States  rice  crop  is  sown  in  April  and  May.  In 
Texas  and  Louisiana,  where  a  longer  growing  season  prevails,  some  rice 
is  sown  in  early  March  and  some  after  mid-June. 

A  wide  range  of  seeding  methods  is  used.  In  California,  the  airplane 
is  used  for  seeding  practically  all  of  the  crop.  This  has  been  the  practice 
for  over  20  years.  In  the  Southern  States,  conventional  grain  drills,  the 
airplane  and  other  broadcast  seeding  devices  are  used.  The  airplane  is 
gaining  popularity  in  the  southern  states  but  probably  was  used  for 
seeding  less  than  one-half  of  the  acreage  in  1958. 

Rice  is  sown  in  both  flooded  and  dry  seedbeds.  When  sown  in  water, 
the  airplane  is  used  exclusively;  but  when  sown  on  dry  land  the  grain 
drill,  airplane  or  some  other  broadcast  seeding  device  may  be  used. 


Fig.  35.  A  Field  of  Lodged  Rice 


Dryland  seedbed  preparation  and  seeding  operat.ons  follow  dosety  those 

used  with  other  cereal  crops.  When  the  airplane  is  used  to  dryland 
seeding,  the  seeds  are  usually  covered  using  a  light  :  sp.ke-toa  1 1  harro  ^ 
Water-seeding  methods  vary  greatly  m  the  different  state  . 
procedure  was  first  used  in  California  as  a  means  of^n^lZhod 
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water  grasses.  It  is  important  to  maintain  uniform  water  depths  for  the 
first  21  to  28  days  following  seeding,  as  the  grass  will  emerge  through 
shallow  depths  of  water.  Under  California  conditions,  the  deep  water 
also  serves  as  a  temperature  regulator  and  thus  compensates  for  the 
wide  variation  between  prevailing  day  and  night  temperatures.  After 
the  rice  seedlings  emerge,  an  average  water  depth  of  5  to  7  inches  is 
usually  maintained  throughout  the  growing  period.  In  cases  of  excessive 
vegetative  growth  by  the  rice,  which  may  occur  on  highly  fertile  land, 
the  fields  may  be  drained  when  the  rice  is  60  to  75  days  old  ( Davis  1950). 

A  number  of  seeding  procedures  are  followed  in  the  Southern  States, 
depending  upon  the  type  of  soil,  the  weed  and  grass  problem  and  seasonal 
conditions.  Where  weeds  and  grass  are  not  serious  problems  and 
weather  conditions  permit,  rice  is  often  sown  with  a  grain  drill  in  rows 
7  to  8  inches  apart.  In  clay  soils  shallow  seeding  depths  are  used,  and 
the  fields  are  irrigated  immediately  following  seeding.  In  sandy  loam 
soils  the  rice  is  sown  two  or  more  inches  deep  in  moist  soil  so  that  it 
will  come  up  to  a  stand  without  irrigation. 

Broadcast  seeding  on  dry  soil  by  airplane  or  various  types  of  broadcast 
seeders  is  frequently  practiced  on  the  heavier  soils.  When  sown  in  this 
way,  seedbeds  are  left  rough  and  harrowed  with  a  light-weight  spike- 
tooth  harrow  following  seeding  and  prior  to  irrigating.  Irrigation  water 
is  applied  and  drained  off  as  soon  as  possible.  Thorough  drainage  of 
fields  is  essential,  as  rice  seeds  covered  with  soil  cannot  emerge  through 
water. 


\\  ater  seeding  is  used  in  the  Southern  States  in  controlling  certain  water 
grasses  and  Red  rice,  a  variety  of  rice  which  volunteers  from  one  rice 
crop  to  the  next  by  remaining  viable  in  the  soil.  In  the  southern  states, 
rice  has  more  difficulty  emerging  through  water  than  in  California  due 
to  the  warm  water  temperatures,  cloudy  weather,  seedling  diseases, 
varieties  used,  and  possibly  other  factors.  In  Louisiana  and  Texas,  the 
flood  water  is  drained  off  immediately  following  seeding  or  dropped  to 

s  allow  depths  until  seedlings  have  emerged  and  the  rice  root  svstems 
are  firmly  established  in  the  soil. 

The  method  of  water-seeding  commonly  used  in  Texas  consists  of 
dropping  dry  or  sprouted  seeds  by  airplane  in  flooded  fields  that  have 
been  harrowed  or  .slightly  puddled  prior  to  seeding  (Anon  1951) 
ight-weight  spike-tooth  or  spring-tooth  harrows,  pulled  by  wheel-type 
tractors  operat.ng  in  shallow  flooded  fields,  are  used  for  this  operadon 

Tot  3*0  t°T  f  ‘°  th0mS  ;'fter  Puddli"S-  <*"<>  fields  are"". 

u'nder  such  of  £  3  ^  the!  ,7^ 

again  flushed  a  week  to  10  days  later,  depen^o  wt  h  fit 
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tions  and  the  growth  of  the  rice.  Flood  water  is  held  as  soon  as  evidence 
of  weeds  and  grass  appears,  which  may  be  before  the  rice  seedlings 
reach  a  height  of  3  to  4  inches.  If  weeds  are  not  a  serious  problem,  it 
is  better  to  wait  until  rice  seedlings  are  5  to  6  inches  tall  before  holding 
a  flood,  regardless  of  the  method  of  seeding  used. 

In  some  sections  of  Arkansas,  Louisiana  and  Texas  water-seeding  is 
used  and  the  land  is  not  worked  following  irrigation.  The  water  is  held 
for  several  days  after  dropping  sprouted  or  dry  seed.  In  most  cases  the 
fields  are  then  drained  or  water  is  lowered  to  shallow  depths  to  enable 
the  root  systems  of  the  young  seedlings  that  are  on  the  surface  of  the 
soil  to  become  established. 


Fic.  36.  Self-Propelled  Combine  and  Self-Propelled  Cart 


In  the  Southern  States  wet  seedbed  preparation  or  water  crdtivation 
is  sometimes  necessary  during  seasons  of  heavy  rainfall.  Disks  and 
harrows  are  used  to  work  the  land  under  flooded  conditions,  and  see  . 
,rp  dronned  by  airplane  in  flooded  fields. 

Soronted  seed  when  used  in  water-seeding,  should  be  „,s  breaking 
the  husk  Long’er  sprouts  are  likely  to  be  damaged  in  handling  or  m 

-tT  '  nr  iCf  fltdt  *>24 

"e Taking  and  draining  period 

nnrn.  sx: » u*. « - — - ,he 
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sacks  to  lower  the  temperature  during  warm  weather.  In  California, 
soaking  vats  are  sometimes  used  for  sprouting  seed  ( Davis  1950). 

Much  of  the  seed  rice  used  in  the  Southern  States  is  treated  with  fungi¬ 
cides.  The  most  commonly  used  chemicals  are  Ceresan,  Arasan  and 
more  recently  the  liquid  mercury  type  seed  treatments.  Insecticic  es 
such  as  DDT,  aldrin  and  dieldrin  are  sometimes  used  as  seed  treatments 
in  the  Southern  States  to  control  insects  affecting  the  rice  crop  in  the 
seedling  stage  (Bowling  1957). 

Seeding  rates  vary  from  80  to  140  lbs.  per  acre  in  the  Southern  States 
(Jones  et  al.  1952).  In  recent  years,  seeding  rates  as  low  as  60  lbs.  per 
acre  have  been  used  in  the  western  part  of  the  Texas  rice  area  (  Hodges 
1957).  In  California  seeding  rates  vary  from  125  to  150  lbs. 

Fertilizers 

Commercial  fertilizers  are  widely  used  throughout  the  rice  regions 
of  the  United  States.  The  use  of  commercial  fertilizers  dates  back  to 
the  early  1900s,  when  basic  slag  and  superphosphate  were  used  to  a 
limited  extent  on  relatively  new  lands  in  the  Southern  States.  Prior  to 
World  War  II,  the  importance  of  nitrogen  fertilizers  was  recognized 
(Wyche  1941  and  Davis  and  Jones  1940)  and  today  large  quantities  of 
nitrogen  and  phosphate  fertilizers,  as  well  as  a  limited  amount  of  potash, 
are  used. 

In  Texas  and  Arkansas  up  to  SO  lbs.  of  nitrogen  per  acre  are  widely 
used  along  with  approximately  40  lbs.  of  P205.  In  Louisiana  and 
Mississippi  slightly  lower  nitrogen  rates  are  used.  In  California  60  lbs. 
of  nitrogen  per  acre  are  generally  used  on  soils  of  average  fertility. 
Lower  amounts  of  fertilizer  are  required  on  the  more  fertile  soils. 

Rice  responds  best  to  ammonia  forms  of  nitrogen,  a  fact  that  is  recog¬ 
nized  throughout  the  world. 

In  the  Southern  States  most  fertilizer  materials  are  broadcast  by  air¬ 
plane  after  the  rice  has  been  sown,  as  better  weed  and  grass  control  is 
obtained  by  fertilizing  after  the  rice  has  emerged  from  the  soil  and  just 
ahead  of  the  first  Hood  water.  Reynolds  (1954)  recommends  that  all 
fertilizer  be  applied  as  a  top-dressing  35  to  40  days  after  seeding  where 

grasses  and  weeds  are  troublesome.  In  California  most  of  the  fertilizer 
is  broadcast  just  prior  to  seeding. 

Weeds 

Weeds  must  be  constantly  guarded  against  in  United  States  rice  fields 
Control  practices  through  rotation  systems,  grazing,  summer  tilling 
water-seeding  and  timely  irrigation  and  drainage  have  long  been  used 
‘he  rlee'£row,nS  regions.  Until  the  advent  of  chemical  weed  control 
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broad-leaved  weeds  were  gradually  becoming  worse  on  heavily  cropped 
lands,  particularly  in  the  Southern  States.  Many  farms  were  so  badly 
infested  that  it  was  no  longer  profitable  to  grow  rice.  Since  chemical 
control  has  been  used,  many  of  the  water  loving  broad-leaved  weeds  so 
common  in  rice  fields  a  few  years  back  are  no  longer  a  threat  to  the 
rice  industry. 

Both  ground  and  airplane  spraying  are  practiced,  but  the  airplane  is 
much  preferred  where  it  can  be  used  without  damaging  nearby  sensitive 
crops.  The  leading  compounds  used  are  2,4-D,  MCP  and  2,4, 5-T  applied 
at  the  rate  of  V 2  pound  acid  equivalent  per  acre  ( Davis  1954  and  1955 ) . 
Pre-emergence  chemical  treatments  are  also  being  used  to  a  limited 
extent  for  controlling  annual  grasses. 


Fig.  37.  Rice-Drying  Plant  Showing  the  Large  Columnar  Driers  and  a 

Quonset  Storage  Building 


There  are  many  serious  weed  pests  that  are  not  easily  controlled  by 
chemical  means.  They  include  annual  grasses  such  as  Ec,llno^loa 
Leptochloa  species,  and  certain  broad-leaved  water  weeds.  The  more 

common  rice  weeds  are  shown  in  Table  30.  .  . 

Red  rice  is  a  serious  weed  pest  in  many  sections  of  the 
states  It  is  similar  to  cultivated  varieties  in  many  respects  but  tillers  more 
profusely  than  most  United  States  varieties,  shatters  “d  ‘he  gyam 

show  a  marked  dormancy  following  ripening.  As  a  result,  the  g  . 

Red  rice  remain  viable  in  the  soil  for  several  years. 
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Table  30 

the  more  common  weed  pests  found  in  united  states  rice  fields 


Common  Name 


Scientific  Name 


Grasses 
Red  rice 

Big  Barnyard  (Cockspur) 
Little  Barnyard  (Jungle  rice) 
Sprangletop 
Rice  cutgrass 

Large  crabgrass 
Jointgrass 
Longtom 
Sedges 
Bulrush 

Elegant  cyperus 
Yellow  cyperus 
Yellow  nutgrass 
Jointed  sedge 
Umbrella  plant 
Spikerushes 
Spearhead 
Hurrah  grass 

Leguminous  weeds 
Tall  indigo 
Coffee  bean 
Spunk  bean 
Curly  indigo 
Sickle  senna 
Other  weeds 
Alligator  weed 
Arrowhead 
Batwing  (Day  flower) 

Cattail 
Curly  dock 
Eryngo  (Star  thistle) 

Large  Buttonweed 
Mexican  weed  (Birdeye) 
Mud  plantain 
Redstem 

Red  weed  (Goat’s  Beard) 
Seacoast  sumpweed 
Seaweed 

Sida  or  ironweed 
Slim  aster 

Snow-on-the-prairie 
Water  hyssop 
Water  plantain 
Water  primrose 
Wooly  croton  (Goatweed 


Oryza  sativa 
Echinochloa  crusgalli 
Echinochloa  colonum 
Leptochloa  Fasicularis 
Leersia  oryzoides 
Leer  si  a  hexandra 
Digitaria  sanguinalis 
Paspalum  distichum 
Paspalum  lividum 

Scirpus  Jluviatilis 
Cyperus  sabulosus 
Cyperus  iria 
Cyperus  esculentus 
Cyperus  articulatus 
Cyperus  verins 
Eleocharis  spp. 
Rhynchospora  corniculata 
Fimbristylis  miliaceae 
Fimbrislylis  puberula 

Sesbania  macrocarpa 
Sesbania  drumrrwndi 
Sesbania  vesicaria 
Aeschynomene  virginica 
Cassia  torra 

Alternanthera  philoxeroides 
Sagittaria  spp. 

Commelina  communis 
Typha  latifolia 
Rumex  crispus 
Eryngium  hookeri 
Diodia  virginiana 
Caperonia  palustris 
Heteranthera  limosa 
Ammannia  - occinea 
Melochia  corchorifolia 
Iva  ciliata 
Sphenoclea  zeylanica 
Sida  spp. 

Aster  exilus 
Euphorbia  bicolor 
Bacopa  rotundifolia 
Alisma  plant  ago 
Jussiaea  spp. 

Croton  capilatis 


and  Turtle  back) 


a  we?dmcClI1'c«ionmiinTnaed°ant  Wi»'a™  (195\a^  ,956>.  from 

Mrs.  Betty  Higinbotham  (not  published).  P  '  Sta,lon>  Beaumont,  Texas,  which  was  collected  by 


Diseases 

Jh“ca  """i'r  of  diseases  a“acki"g  ‘he  dee  plant  in  the  Southern 

*  *  but  he^S®’dom  cause  heavy  I()sses*  The  only  serious  disease  that 
attacks  rice  in  California  is  seedling  blight. 
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Fig.  38.  Drying  Plant  With  Concrete  Storage  Bins 


One  of  the  most  serious  diseases  in  the  Southern  States  is  straighthead, 
a  physiological  disease  (Atkins  1958  and  Tisdale  and  Jenkins  1921)  which 
is  most  prevalent  on  lighter  soil  types  or  where  large  amounts  of  oiganic 
matter  have  been  added  to  the  soil  and  are  not  completely  decayed. 
Straighthead  is  characterized  by  panicles  that  remain  erect  because  the 
grains  fail  to  develop  properly.  The  panicles  may  be  distorted  an 
glumes  deformed  or  in  extreme  cases  the  plants  may  fail  to  head,  lhe 
disease  can  be  controlled  or  greatly  reduced  by  draining  fields  at  about 
the  jointing  stage  of  growth  (Cheaney  1955)  and  by  growing  resistant 

varieties  (Atkins  et  al.  1956). 

A  number  of  leaf  spot  diseases  (Helminthosporium  oryzae.Cercospon 
onjzae,  Entyloma  onjzae)  caused  by  fungi  are  common  in  the  Southern 
States  but  they  seldom  cause  losses  of  economic  importance  (Atkins 
1958)’  Stem  rot  ( Sclerotium  onjzae)  occasionally  causes  rather  severe 
losses  from  lodging  and  from  failure  of  grains  to  fill  properly. 

BhsV  (Piricularia  onjzae),  one  of  the  most  prevalent  rice  diseases 
throughout  the  world,  also  occurs  in  the  Southern  States  but  losses  are 
seldom  severe.  The  varieties  now  grown  are  moderately  resistan 
blast  but  on  new  lands  or  when  extremely  heavy  amounts  of  mtrogen 
a  e  present  the  disease  can  become  severe.  This  is  particularly  true  dm- 

Z  U*  »<  . . 

night  temperatures.  Tins  disease  cai  -  y 
the  more  resistant  varieties. 
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White  tip,  a  disease  caused  by  a  seedborne  nematode  ( Aph clench o ides 
besseyi  Christie)  (Atkins  1958),  causes  rather  severe  losses  on  susceptible 
varieties.  Most  of  the  varieties  now  grown  are  resistant  or  moderately 
resistant  to  white  tip.  The  most  satisfactory  control  measures  are  hot 
water  treatment  of  seed  (Cralley  1949),  along  with  the  use  of  resistant 
varieties. 

Recently  a  new  virus  disease,  hoja  blanca,  has  been  discovered  in 
Florida  (Atkins  and  Adair  1957),  but  the  disease  has  not  been  found  in 
the  important  rice-producing  states.  It  has  caused  heavy  losses  in  Cuba, 
Venezuela  and  Colombia  in  recent  years.  Varieties  resistant  to  hoja 
blanca  have  been  found.  Unfortunately,  all  of  the  leading  commercial 
United  States  rice  varieties  are  susceptible  to  this  disease.  The  hoja 
blanca  disease  is  carried  by  a  leaf  hopper  (Sogata  orizicola )  (Acuna  1958 
and  Atkins  1958).  This  particular  Sogata  species  has  not  been  found  in 
the  major  rice-growing  states  but  has  been  found  in  Florida.  Hoja  blanca- 
resistant  short-  and  medium-grain  varieties  that  appear  to  be  reasonably 
well  adapted  to  growing  in  the  United  States  have  been  found.  Many  of 
the  resistant  varieties  are  introductions  from  Japan  and  Formosa.  It 
should  be  possible  to  develop,  through  breeding,  adapted  varieties  of  all 
grain  types  that  are  resistant  to  hoja  blanca.  The  hoja  blanca  disease  re¬ 
sembles  in  some  respects  the  stripe  virus  disease  (Oryza  virus  2)  occur¬ 
ring  in  Japan. 


Insects 

Several  species  of  field  insects  attack  the  rice  plant,  particularly  in  the 
Southern  States.  The  most  common  rice  insect  pests  are  rice  water 
weevils,  army  worms,  rice  stalk  borers,  the  rice  stinkbug,  leaf  miners,  the 
sugarcane  beetle  and  grasshoppers.  The  rice  water  weevil,  or  root  maggot 
( Lissorhoptrus  oryzophilus) ,  attacks  young  seedlings  by  feeding  upon 
their  leaves  in  the  adult  stage  and  by  feeding  upon  the  roots  in  the  larval 
stage.  The  adults  deposit  their  eggs  in  the  roots  of  the  rice  plant  immedi¬ 
ately  after  the  first  flood  water  has  been  applied.  The  fields  must  remain 
flooded  for  the  larval  stage  (maggots)  to  develop.  The  maggots  feed 
upon  the  young  roots  and  cause  serious  damage  to  the  rice  root  svstem 

"r  raST  are:-  “,mely  drainin«  of  fields  (Rely  and  Schwardt 

Rn  i-  ^.alv  msect,cldes  sueh  as  aldrin  or  dieldrin  as  seed  treatments 
(Bowling  1957);  or  spraying  fields  (Whitehead  1954) 

andTITTt!  Ca"  CaUSe,Seri0US  damaSe  to  rice  by  devouring  the  leaves 

9 -r  •  sr  arsxs  rrsfrr 

(  latrae  saccharalis)  and  the  rice  stalk  borer  (Chilo  pleiadellus)  l  n  "  ' 
las  and  Ingram  1942).  Heavy  losses  seldom  occur, 


162 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


in  most  rice  fields.  They  feed  within  the  rice  stems  during  the  jointing 
and  heading  stages  of  development  and  cause  the  panicles  to  dry  up  and 
turn  white.  This  usually  occurs  before  the  grains  are  fully  developed. 
There  are  no  practical  means  of  control. 

The  rice  stinkbug  ( Solubea  pugnax)  and  several  other  related  species 
cause  serious  losses  to  the  developing  rice  grain  by  puncturing  the  grain 
in  the  milk  or  dough  stage.  Losses  result  from  grain  failing  to  develop 
and  from  the  discoloration  caused  by  the  puncture  and  accompanying 
fungal  infection  on  grains  which  do  develop.  Many  of  these  damaged 
grains  are  poorly  filled  and  break  up  in  the  milling  operation  and  thus 


IG.  39.  Rice  is  Dried  on  the  Farm  by  Forcing  Unheated  Air  Through  the 

RiNS 


reduce  head  or  whole  grain  rice  yields.  Punctured  grains  which  fill  prop¬ 
er  'are  not  apt  to  break  in  milling  and  result  in  a  reduction  m  quality  and 
armearance  due  to  the  discoloration.  This  is  commonly  referred  to  by 
the  rice  trade  as  “pecky  rice.”  Stinkbugs  and  similar  insects  can  be  con 
trolled  by  airplane  spraying  with  recommended  insecticides  such  as  aldn  , 

dieldrin  and  toxaphene  (Bowling  1956).  lumes  aIKl 

Grasshoppers  cause  damage  to  rice  bv  ee  g  P  controlled  by 

other  floral  parts  of  the  developing  rice  gram.  They  can 

iSlSSe  seedling  stage  and  in  cases  of  heavy 
infestations  they  can  cause  serious  reductions  m  stands.  ^  ^  fa 
The  sugarcane  beetle “msinthe  other  southern  rice-growing 

southwestern  Louisiana  but  ah  n Q49)  The  adult  beetles 

states,  according  to  Douglas  and  Ingram  ( 194- bThe  „„  ^ 

attack  rice  plants  in  both  the  seedling  and  mature  stage  by 
lower  stems  when  rice  is  not  flooded . 
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Harvesting 

Rice  is  harvested  from  late  July  to  late  October  in  Texas  and  Louisiana. 
In  Arkansas  and  California  the  harvest  season  is  shorter  due  to  the  shorter 
growing  seasons. 

Self-propelled  combines  are  commonly  used  for  harvesting  lice  in  all 
of  the  rice-growing  regions.  Conventional  combines  are  used  tin  ough- 
out  the  Southern  States  and  parts  of  California,  with  minor  changes  to 
adapt  them  to  muddy  harvesting  conditions.  In  California  large  custom- 
built  full-track  combines  are  sometimes  used  (Davis  1950).  These  ma¬ 
chines  are  built  in  farm  shops  in  the  rice  areas.  Pickup  reels  are  now 
standard  equipment  on  most  rice  combines  as  lodging  is  frequent,  es¬ 
pecially  where  high  rates  of  nitrogen  fertilizers  are  used. 

Rice  is  usually  harvested  when  the  moisture  content  of  the  grain  is 
between  18  and  25  per  cent.  Therefore,  it  is  necessary  to  dry  the  grain 
artificially  before  placing  it  in  permanent  storage.  If  the  rice  is  harvested 
at  higher  than  20  to  25  per  cent  moisture  content,  there  may  be  immature 
grains  on  the  lower  portions  of  the  panicles  which  will  be  chalky  and  may 
break  in  milling.  When  harvested  at  moisture  contents  below  18  per  cent, 
the  grains  are  more  apt  to  check  or  fracture,  resulting  in  reduced  whole 
grain  yields  when  milled.  Checking  of  grains  is  caused  by  alternate 
wetting  and  drying  of  the  rice  grains  from  showers  or  heavy  dews,  accom¬ 
panied  by  wide  variations  in  temperatures. 

As  a  general  rule,  rice  is  harvested  at  higher  moisture  contents  in  Cali¬ 
fornia  than  in  the  Southern  States.  This  is  done  because  the  shorter,  fuller 
grain  varieties  grown  in  California  are  probably  more  apt  to  check  or 
fracture.  The  wide  extremes  in  day  and  night  temperatures  and  humidity 

are  conducive  to  fracturing  of  grains  when  moisture  contents  drop  below 
20  per  cent. 


Rice  fields  often  are  muddy  or  otherwise  inaccessible  to  motor  trucks  at 
time  of  harvest.  Therefore,  some  means  of  conveying  the  threshed  rice 
from  the  combine  to  tile  trucks  must  be  used.  For  this  operation  various 
types  of  conveyor  bins,  tanks  or  carts  are  used.  The  most  popular  means 
of  conveyance  m  recent  years  lias  been  self-propelled  carts  or  tanks 
custom-made  in  farm  shops.  In  California  track-type  tanks  are  sometimes 
used,  but  in  the  Southern  States  wheel-type  carts  are  generally  used. 


DRYING  AND  STORAGE 
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Fig.  40.  Physical  and  Chemical  Tests  are  Used  for  Detect¬ 
ing  Varietal  Differences  in  Grain  Processing  and  Cooking 


process.  Large  column-type,  continuous-flow  driers  using  heated  air  as 

well  as  batch-type  units  have  been  widely  used.  .  , 

In  recent  years,  “on  the  farm  bin  drying,”  using  unheated  air  has  been 
successfully  used  throughout  the  rice-growing  states  ( Morrison  Ltd. 

Sorenson  and  Davis  1955  and  Hildreth  1955).  , 

Some  rice  has  also  been  dried  in  sacks,  using  heated  a  t  n  tunne  -type 
driers  Today,  due  to  high  handling  costs,  sack  drying  is  for  the  most  part 
hmhed  to  drying  seed  rice.  It  affords  a  means  of  drying  with  a  minimum 
chance  of  mixing,  which  is  vitally  important  in  maintaining  high  quality 

Se  The  column-type  methods  of  drying  rice  consist  of  P^j>8  * 

through  falling  or  stationary  columns  ot  nee  for  slot  1  ^  ^  mois. 

usually  requires  two  or  more  passes  through  the 
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ture  content  down  to  12.0  to  13.5  per  cent,  which  is  usually  considered 
satisfactory  for  safe  storage. 

The  maximum  temperature  of  heated  air  used  in  column-type  driers 
seldom  exceeds  266°F.,  according  to  Barr  and  Qoonrod  (1951).  Kramer 
(1948)  reports  that  air  volumes  of  400  cubic  feet  per  minute  per  barrel 
of  rice  are  commonly  used. 

Most  column-type  units  are  relatively  large  commercial  plants  and 
frequently  dry  over  120,000  hundredweight  of  rough  rice  annually.  Con¬ 
siderable  storage  space  is  required  to  handle  such  quantities  of  rice,  even 
though  a  major  part  of  the  rice  may  be  shipped  from  the  drier  as  soon  as 
the  rice  has  been  dried.  In  order  to  make  more  efficient  use  of  drying 
facilities,  most  commercial  drying  plants  now  have  ventilated  holding 
bins  that  allow  high  moisture  rice  to  be  held  for  longer  periods  before 
drying. 

Bin  drying  has  been  increasing  in  popularity  in  recent  years.  Both 
round  bins  and  quonset-type  bins  have  been  used  with  equal  success. 
Large  volumes  of  air  must  be  forced  through  the  rice  when  dried  in  this 
way.  The  minimum  airflow  rate  recommended  by  Sorenson  and  Davis 
(1955)  was  9.0  cubic  feet  of  air  per  minute  per  barrel  (162  lbs.)  forced 
through  an  8-foot  depth  of  rice.  The  rice  is  dried  to  13  per  cent  moisture 
or  less.  It  is  of  interest  to  note  that  this  method  of  drying  can  be  success¬ 
fully  used  in  the  Gulf  Coast  areas  of  Texas  and  Louisiana  where  periods  of 
relatively  high  humidity  are  not  uncommon. 

Practically  all  of  the  United  States  rice  crop  is  stored  in  bulk.  Prior  to 


World  War  II,  most  of  the  Texas  and  Louisiana  crop  was  sacked  as  it  was 
threshed,  using  stationary  threshing  machines.  The  grain  was  stored  in 
sack  warehouses.  However,  when  combine  harvesting  and  artificial  dry¬ 
ing  replaced  the  binder-thresher  method  of  harvest,  there  was  a  rapid 
shift  to  bulk  storage.  Varied  and  different  types  of  structures  are  used 
including  wood,  concrete  and  steel  bins. 

The  maximum  moisture  content  for  safe  storage  of  rough  rice  is  approxi¬ 
mately  twelve  per  cent  in  any  part  of  the  bin,  according  to  Sorenson  and 
Davis  (1955).  Moisture  contents  as  high  as  14  per  cent  for  the  wettest 
gram  in  the  bin  have  been  recommended  for  temporary  winter  storaee 
(Anon.  1950).  Forced  ventilation  is  widely  used  throughout  the  rice¬ 
growing  regions  for  keeping  stored  rice  in  condition  in  both  on-the-farm 
and  commercial  storage  units. 


V  /vniCi  1  USD 

are  “mparatively 

lush-growing,  profuse-tillering,  long  season  varieties 


VARIETIES  OF  RICE  GROWN  IN  THE  VARIOUS  STATES  IN  1957  AND  THE  PERCENTAGE  OF  THE  UNITED  STATES  TOTAL  OF  EACH  VARIETY  AN;)  GRAIN 
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United  States  varieties  can  be  divided  into  early,  midseason  and  late- 
maturing  groups,  based  on  the  number  of  days  from  seeding  to  maturity. 
Early-maturing  varieties  mature  in  approximately  120  days,  midseason¬ 
maturing  varieties  in  140  days  and  late-maturing  varieties  in  170  days. 
Today,  most  of  the  acreage  is  sown  to  early-  and  midseason-maturing 
varieties.  It  is  only  in  Texas  and  Louisiana  that  the  late-maturing  long- 
grain  varieties  are  grown.  Even  here  they  are  becoming  less  popular  be¬ 
cause  of  the  long  watering  period  and  because  they  seldom  yield  as  high 
as  the  early-  and  midseason-maturing  varieties.  The  late-maturing  varie¬ 
ties  do  possess  certain  grain  characteristics  not  found  in  other  commer¬ 
cially  grown  varieties.  As  a  result,  they  usually  bring  premium  prices. 
Late-maturing  varieties  such  as  Rexoro,  Texas  Patna  and  TP  49  are  better 
suited  for  parboiling  and  canning  than  other  varieties  because  the  grains 
remain  firmer  and  show  less  splitting  when  processed.  This  is  thought 
to  be  a  heritable  character  and  has  been  found  in  early-maturing  foreign 
introductions. 

The  varieties  of  rice  grown  in  the  United  States  are  shown  in  Table  31. 
It  will  be  noted  that  the  varieties  of  rice  grown  in  the  Southern  States, 
with  but  few  exceptions,  differ  from  those  grown  in  California.  This  is 
due  to  the  fact  that  the  two  regions  have  vastly  different  climatic  condi¬ 
tions  and  require  varieties  of  different  adaptation. 


In  California  the  short-grain  japonica-type  varieties  are  grown  because 
they  are  hardy  types  which  have  the  ability  to  emerge  through  several 
inches  of  relatively  cold  water  when  sown  in  flooded  fields.  They  are  also 
able  to  withstand  the  extremes  in  temperature  prevailing  in  the  interior 
valleys  of  California.  Under  California  conditions  they  are  well  adapted 
to  mechanized  harvesting  methods. 

The  varieties  of  rice  grown  in  the  United  States  have,  for  the  most  part 
been  developed  from  japonica  and  indica  varieties  originally  introduced 
from  Japan,  the  Philippines  and  Fonnosa.  From  these  original  intro¬ 
ductions  were  selected  such  varieties  as  Blue  Rose,  Early  Prolific,  Caloro 
Colusa,  Fortuna,  Nira  and  Rexoro  (Jones  et  al.  1953). 

The  four  United  States  rice  experiment  stations  located  at  Stuttgart 
Arkansas  B.ggs,  Cahfornia,  Crowley,  Louisiana,  and  Beaumont,  Texas’ 
have  had  active  breeding  programs  for  many  years.  They  have  been 
opemted  cooperatively  by  the  four  state  agricultural  experiment  Nation' 
the  l  nited  States  Department  of  Agriculture  and  local  rice  industry  or’ 
ganizations.  All  of  the  United  States  rice  crop,  with  the  exception^  a 
neghgdile  acreage,  is  now  sown  to  varieties  developed  by  thesemganiL 

In  recent  years  hybridization  at  the  United  Static  i 
stations  has  brought  about  the  development  of  a  new  g^f 
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intercrossing  commercially  grown  varieties  and  by  crossing  commercial 
varieties  with  foreign  introductions.  Varieties  now  grown  that  have  been 
so  developed  include  Bluebonnet,  Bluebonnet  50,  Sunbonnet,  Toro,  Cen¬ 
tury  Patna  231,  Texas  Patna,  TP  49,  Nato,  Magnolia  and  Calrose.  These 
varieties  now  constitute  approximately  60  per  cent  of  the  United  States 
rice  crop.  The  only  major  varieties  not  the  result  of  hybridization  are 
Caloro  and  Colusa,  leading  California  varieties;  Zenith,  the  leading 
medium-grain  variety  grown  in  the  Southern  States;  and  Rexoro,  one  of 
the  leading  late-maturing  long  slender  grain  varieties  grown  in  Texas  and 
Louisiana. 

Some  of  the  newer  varieties  of  rice  now  grown  in  the  United  States 
have  been  developed  by  crossing  japonica  and  indica  varieties  in  order 
to  combine  the  desirable  features  of  both  groups.  Varieties  developed 
from  such  crosses  are  Century  Patna  231,  Toro,  Nato  and  Magnolia.  The 
indica  varieties  used  were,  for  the  most  part,  long-grain  and  the  japonica 

varieties  were  short-grain  types. 

The  japonica  varieties  are  usually  recognized  as  being  higher  yiekhng 
than  the  indica  types  ( Ramiah  and  Rao  1953  and  Chose  et  al.  1956).  The 
japonica  varieties  have  small  stems,  relatively  short  straw  and  narrow 
eaves  of  short  to  intermediate  length.  They  usually  respond  well  to 
heavy  applications  of  nitrogenous  fertilizers.  The  straw  of  the  japonic, 
varieties  is  tough  and  willowy  and  not  so  desirable  for 
•rs  the  more  frangible  and  stiffer  straw  type  of  certain  ot  the  indica  va 
ties  Also,  the  japonica  varieties  do  not  possess  the  range  of  grain  size 
and  shape  or  processing  and  cooking  characteristics  needed  in  United 

St  fyTost  of  the^japonica-type  varieties  are  sensitive  to  length  of  day,  while 
certain  indica  types 

3  efficient  use  of  expensive 

a  partially  dormant  period  as  they  mten,  and  the  grams^sel  g  ^ 

nate  on  the  panicle  during  Peil«ds  0  ra“V  This  dormancy  lasts  for  a 
varieties  usually  do  not  s  iow  t  us  cm  ^  f  potentially  high 

-  -  - 50  -  - 

in  the  Southern  States  because  dmyare  not  ,,g„  yields  but 

methods  under  prevailing  c  ^  inclement  weather  pre- 

lodge  severely  and  arc  difficult  to  thresh. 
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vailing  throughout  the  Southern  States  during  the  harvest  season  requires 
that  a  variety  not  lodge  excessively  and  that  the  grain  thresh  freely  from 
the  panicles.  In  California,  where  the  harvest  can  be  completed  with 
little  or  no  rainfall,  lodging  is  not  so  critical.  ,  However,  it  should  be 
pointed  out  that  under  California  conditions  varieties  such  as  Caloro  and 
Calrose  grow  much  shorter  than  they  do  in  the  Southern  States  and  are 
less  likely  to  lodge. 

The  earlier  maturing  long-  and  medium-grain  varieties  grown  in  the 
Southern  States  are  not  adapted  to  the  extreme  temperatures  and  low 
humidity  of  California.  While  they  will  mature  grain,  experimental  yield 
trials  reported  by  Jones  et  al.  (1952)  show  the  yields  to  be  relatively  low 
compared  with  adapted  japonica  varieties. 


Quality  Tests  Used  to  Identify  Different  Varieties 


United  States  rice  varieties  are  divided  into  short-,  medium-  and  long- 
grain  groups  based  on  grain  size  and  shape.  Beachell  and  Halick  (1957) 
state  that  each  grain  type  is  associated  with  certain  specific  processing 
and  cooking  characteristics,  but  that  there  were  exceptions.  Most  long- 
grain  varieties  tend  to  cook  dry  and  fluffy  and  the  grains  do  not  split  or 
stick  together.  Short-grain  varieties  are  usually  more  firm  than  long- 
grain  varieties  and  tend  to  be  more  cohesive.  Medium-grain  varieties 
are  usually  intermediate  in  these  respects.  Beachell  and  Hallick  ( 1957A) 
and  Halick  and  Kelly  (1958)  reported  exceptions  to  the  above  classifica¬ 
tions.  The  differences  in  processing  and  cooking  behavior  reported  were 
apparently  due  to  inherent  differences  in  the  chemical  makeup  of  the  rice 
grain  rather  than  to  grain  size  and  shape. 


Some  of  the  inherent  varietal  quality  differences  found  by  these  and 
other  investigators  were  amylose  content,  gelatinization  temperature  of 
starch  when  cooked  and  stickiness  of  the  cooked  product.  Williams  et  al. 
( 1958)  reported  differences  in  amylose  content  of  from  12.9  to  23.5  per 
cent.  Varieties  with  high  amylose  content  were  Rexoro  and  Texas  Patna. 
Varieties  with  low  amylose  content  were  Century  Patna  231  and  Toro. 
Halick  and  Keneaster  (1956)  were  able  to  classify  rice  varieties  as  to 
amylose  content,  using  an  empirical  starch-iodine  blue  technique. 

Quality  differences  of  milled  rice  are  based  upon  the  yield  of  total 
mi  led  rice  yield  of  whole  grain  rice,  appearance  and  the  processing  and 
rooking  behavior  of  the  milled  grain.  In  the  United  States  practically 
all  of  the  domestic  rice  crop  is  milled  to  a  relatively  high  degree.  Milling 
as  practiced  in  the  United  States  consists  of  removing  the  hulls  and  mos:t 
e  bran  layers.  Most  of  the  fats,  oils  and  proteins,  located  in  the  bran 
ayers  are  removed  the  milling  operation.  As  a  result,  the  physical 
and  chemical  differences  in  the  starchy  component  of  the  rice  grata  are 
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generally  thought  to  constitute  the  basis  for  differences  in  processing  and 
cooking  behavior. 

While  many  environmental  factors  affect  the  mill  yields  of  rice,  varietal 
differences  are  known  to  occur.  Beachell  and  Halick  (1957)  report 
total  rice  yields  varying  from  72.6  per  cent  for  Caloro  to  65.5  per  cent  for 
Century  Patna  231,  using  laboratory  test  methods.  Whole  grain  yields 
varied  from  60.7  per  cent  for  Toro  to  39.5  per  cent  for  Nira.  Some  of  these 
differences  are  attributed  directly  to  inherent  varietal  differences. 

Clear  translucent  grain  appearance  is  preferred  to  opaque  appearance 
or  grains  with  opaque  or  chalky  centers.  1  he  different  varieties  vary 
greatly  in  this  respect,  but  the  exact  cause  of  these  and  other  varietal 
differences  is  not  fully  understood. 

Physical  and  chemical  differences  in  the  milled  rice  grain  are  used  in 
classifying  varieties.  A  number  of  the  more  recently  reported  tests  used 
for  classifying  varieties  using  physical  and  chemical  methods  will  be  dis¬ 
cussed.  These  differences  along  with  agronomic  differences  are  shown 
in  Table  32. 

Differences  in  gelatinization  and  pasting  characteristics  were  reported 
by  ffalick  and  Kelly  (1958)  using  a  standard  model  “amylograph.”  A 
J lurry  of  50  grams  of  ground  milled  rice  and  450  ml.  water  was  heated  to 
minutes,  then  lowered  to  122°F.  at  the  rate  of  2.7°F:  drop  per  minute. 
After  reaching  201  F.,  temperature  was  maintained  constant  for  20 
minutes,  then  lowered  to  122  F.  at  the  rate  of  2.7  F.  drop  per  minute 


I  he  salient  varietal  differences  reported  were  ( 1 )  the  temperature 
at  which  gelatinization  occurred,  (2)  the  peak  viscosity,  (3)  the  viscosity 
at  201  F.  and,  after  20  minutes  at  this  temperature  (4)  viscosity  when 
cooling  to  122°F. 

The  short  and  medium-grain  varieties  such  as  Caloro,  Zenith  and  Nato 
and  the  long-grain  variety,  Toro,  gelatinized  at  the  lowest  temperatures. 
Century  Patna  231  and  Early  Prolific  gelatinized  at  the  highest  tempera¬ 
tures  and  Bluebonnet  50,  Sunbonnet,  Texas  Patna  and  Rexoro  gelatinized 
at  intermediate  temperatures.  Gelatinization  temperatures  were  inde¬ 
pendent  of  grain  type  and  amylose  content,  but  it  was  concluded  that 
there  was  a  direct  relationship  between  maximum  viscosity  of  the  hot 
paste  and  viscosities  when  cooling  to  122°F.  Gelatinization  tempera¬ 
tures  varied  from  149°F.  for  Zenith  to  175°F.  for  Century  Patna  231 

^r°ir  Vanlty  (n°  name  reported)  gelatinized  at  a  temperature  of 
3b  k .  or  lower  than  any  of  the  common  varieties. 

Halick  and  Kelly  (1958)  also  report  a  rapid  method  of  classifying  rice 
varieties  on  their  ability  to  absorb  water  when  cooked  at  different  tem 
peratures  in  excess  water.  Two-gram  samples  of  whole  grain  milled  rice 
were  cooked  at  temperatures  of  162°.  171°,  and  180°F.  for  45  minutes 
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in  excess  water.  Results  were  reported  on  the  basis  of  the  percentage  of 
water  absorbed  by  weight  during  cooking.  The  results  obtained  show 
this  test  to  be  valuable  in  determining  the  approximate  gelatinization 
temperatures  of  large  numbers  of  varieties  and  selections  in  rice  breed¬ 
ing  programs. 

Batcher  et  al  (1956  and  1957)  classified  rice  varieties  using  cooked 
samples  of  whole  grain  milled  rice.  Color,  cohesiveness,  flavor,  degree 
of  doneness  and  amount  of  water  absorbed  were  recorded.  Rexoro,  Texas 
Patna,  Bluebonnet  50  and  Century  Patna  231  all  absorbed  more  water 


during  cooking  and  were  less  sticky  than  Caloro  and  Colusa.  They  con¬ 
cluded  that  grain  type  appeared  to  be  associated  with  water  absorption 
but  noted  some  overlapping.  Residual  cooking  liquids  from  most  of  the 
long-grain  varieties  appeared  to  have  less  total  solids  and  starch  than  the 
short-  and  medium-grain  varieties.  However,  Century  Patna  231  and 
Toro  had  higher  amounts  of  total  solids  in  residual  cooking  liquids  than 
other  long-grain  varieties. 

Williams  et  al.  ( 1958 )  made  comparisons  between  the  amylose  con- 
tents  of  different  varieties  using  a  modification  of  the  colorimetric  method 
of  McCready  and  Hassid  (1943).  Amylose  content  was  found  to  vary 
from  12.9  per  cent  for  Century  Patna  231,  to  23.4  per  cent  for  Texas 
Patna  both  long-grain  varieties.  The  short-  and  medium-grain  varieties 
Zenith, 'Magnolia,  Nato  and  Caloro  all  had  below  15  per  cent  amylose. 
Toro  a  long-grain  variety,  also  showed  a  low  amylose  content. 

Soaking  milled  rice  grains  in  dilute  solutions  of  potassium  hydroxide 
has  been  used  by  several  investigators  as  a  means  of  detecting  varietal 
differences  in  milled  rice.  Warth  and  Darabsett  (1914)  soaked  short- 
and  medium-grain  Asiatic  varieties  in  different  concentrations  of  potas¬ 
sium  hydroxide.  They  found  two  main  groups  based  on  resistance  of  the 
ice  grains  to  the  alkali  solution  and  in  the  case  of  three  varieties  associ¬ 
ated  these  differences  with  gelatinization  temperatures  Jones  (  L)3S 
divided  United  States  rice  varieties  into  three  groups  and  concluded  that 
varieties  disintegrating  into  intermediate  and  clear  masses  were  o  I 
ferred  cooking  behavior  to  varieties  showing  opaque  masses. 

Little  et  al  (1958)  classified  25  rice  varieties  from  each  of  four  geo- 

. . ;  r  “r!  x  's;r  K 

per  cent  potassium  hydroxide  7-point  numerical 

degree  of  spreading  and  cleamu.  S  ‘  'long-grain  varietv,  and  Early 
scale.  They  found  that  Century  Patna  231.  a  long g>  ;  spreading 

Prolific,  a  medium-grain  The 

and  clearing  and  were  usually  ra  .  .  h ,  reactions.  The  short- 

long-grain  varieties  were  fount  Prolific,  were  more  uni- 

and  medium-grain  varieties,  except  tor  Early 
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form  in  reaction,  showed  more  spreading  and  clearing  and  were  usually 
scored  6  and  7  for  spreading  and  5  to  7  for  clearing. 

A  cooking  and  soaking  test  reported  by  Halick  and  Keneaster  (1)5  ) 
gave  marked  varietal  differences  in  the  degree  of  longitudinal  splitting 
of  the  grains.  The  rice  was  cooked  for  20  minutes  and  soaked  overnight 
in  petri  dishes.  It  was  concluded  that  varieties  exhibiting  the  greatest 
degree  of  longitudinal  splitting  showed  the  greatest  degree  of  stickiness 
when  cooked. 
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CHAPTER  8 


Samuel  A.  Matz 


Millet,  Wild  Rice,  Adlay, 
and  Rice  Grass 


INTRODUCTION 

The  preceding  chapters  in  this  section  are  concerned  with  the  seven 
grains  which  are  most  important  to  the  economy  of  the  United  States.  In 
the  present  chapter,  four  cereal  grains  of  minor  significance  will  be  briefly 
discussed.  Two  of  these  are  plants  which  are  currently  grown  and  the 
products  sold  for  food  or  feed,  though  in  small  quantities.  One  of  the 
others  is  primarily  of  historical  interest,  while  the  fourth  has  never  been 
used  in  this  country  though  it  has  interesting  possibilities. 

It  might  be  worthwhile  to  remind  the  reader  of  the  predetermined 
limitations  of  this  volume.  Only  cereal  grains  are  considered,  and  so  buck¬ 
wheat  (an  herbaceous  plant),  soybeans  (a  legume)  and  other  non-grasses 
bearing  seeds  which  are  commonly  processed  and  consumed  similarly  to 
cereal  grains  are  not  included.  Furthermore,  the  forage  aspects  of  cereal 
plants  are  touched  upon  only  in  passing,  and  the  industrial  ( non-food  and 
non-feed)  uses  of  cereal  products  are  ignored,  except  where  it  is  neces¬ 
sary  to  discuss  them  in  order  to  clarify  more  pertinent  points.  The  greatest 
emphasis  has  been  placed  upon  practices  followed  in  the  United  States, 
although  there  has  been  no  intention  of  ignoring  the  more  important  varia¬ 
tions  of  these  procedures  found  in  other  countries. 


MILLET 


The  name  of  millet  has  been  applied,  at  different  times  and  at  different 
places,  to  a  wide  variety  of  cereal  grains.  Sorghum  vulgare  has  been 
erroneously  called  pearl  millet  and  in  some  parts  of  the  world  all  varieties 
of  sorghum  and  millet  are  designated  by  the  latter  name.  However,  the 
giains  most  generally  recognized  as  millets  belong  to  two  tribes  of  the 
grass  family,  the  Chlorideae  and  the  Paniceae,  while  sorghums  belong  to 
one  gams  (Sorghum)  in  one  tribe  (Andropogoneae)  of  the  grass  family. 

he  tribe  Chlorideae  includes  Eleusine  corocana  as  the  only  species  of 
economic  importance  (Hitchcock  1950).  This  plant,  called  variously 
ncan,  ragi,  or  finger  millet,  is  grown  very  extensively  in  India  where 
the  gram  is  used  as  human  food.  The  tribe  Paniceae  includes  several 
species  grown  for  food  and  feed  in  various  parts  of  the  world.  The  most 
important  of  these  species  will  be  described  below 

Setaria  (Chaetochloa)  itaiica  includes  many  varieties  such  „  i  -i 
nnllet,  German  millet,  Hungarian  grass,  Siberian  m.^Ld  Kimsl- mtt 
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which  are  grown  in  China  or  Russia  for  human  use,  but  in  the  United 
States  only  for  forage.  Pennisetum  typhoideum,  pearl  millet,  is  exten¬ 
sively  cultivated  in  Egypt  and  in  tropical  Asia-particularly  India-as  a 
food  cereal.  Echinochloa  decompositum  is  the  Australian  millet,  grains  of 
which  are  said  to  be  used  as  food  by  the  aborigines  of  that  continent. 
Other  species  of  Echinochloa  are  grown  for  food  in  tropical  Africa  and  in 
South  America.  The  only  genus  of  any  economic  importance  in  the  United 
States  is  Panicum,  and  Panicum  miliaceum,  proso  or  common  millet  (also 
called  broomcorn  millet  and  hog  millet)  makes  up  the  largest  crop. 

The  origin  of  Panicum  miliaceum  is  unknown,  but  it  is  probably  a  native 
of  Egypt  and  Arabia.  It  has  been  cultivated  in  Asia  Minor  and  Southern 
Europe  since  prehistoric  times.  Millet  kernels  were  found  among  the 
habitations  of  the  Swiss  Lake-Dwellers.  It  is  a  small,  erect  annual,  reach¬ 
ing  a  height  of  3  to  4  feet  and  possessing  bristly,  much  branched  panicles. 
The  grain  is  about  3  mm.  long  by  2  mm.  broad,  and  is  usually  inclosed  in 
the  shining,  hard,  flowering  glume  and  palea.  The  glumes  may  be  red  or 
yellow,  or  any  shade  of  gray.  Three  botanical  varieties  are  recognized 
and  designated  as  effusum,  contraction,  and  compaction. 

Soil  preparation  and  cultivation  procedures  are  little  different  from 
those  used  for  other  cereals.  The  seedbed  is  prepared  by  plowing, 
harrowing,  and  cultipacking  or  otherwise  firming  the  seedbed.  The  seed 
can  be  sown  either  by  drilling  or  by  broadcasting,  though  drilling  is  used 
most  extensively.  It  is  sown  during  the  period  from  late  May  to  early 

July. 


About  60  to  75  days  after  seeding,  millet  is  ready  for  harvesting.  Ripen¬ 
ing  is  not  uniform,  and  frequently  it  is  found  that  the  grain  in  earlier 
panicles  or  in  the  tops  of  the  heads  are  ripe  and  have  shattered  before 
the  lower  seeds  and  later  panicles  are  completely  mature.  Because  of  the 
irregular  ripening,  much  seed  is  lost  by  direct  combining  and  the  usual 
practice  is  to  cut  the  crop  by  a  swather.  The  windrows  formed  in  this 
manner  are  allowed  to  cure,  and  then  combined.  The  crop  can  also  be 
harvested  with  a  grain  binder  and  placed  in  shocks  to  cure.  Thereafter 
it  is  handled  like  wheat  or  other  small  grains.  Up  to  20  bushels  of  seed 

per  acre  can  be  obtained  under  favorable  conditions.  The  weight  of  the 
seed  is  from  48  to  60  lbs.  per  bushel.  h  6 

Although  millets  constitute  one  of  the  world's  most  important  groups  of 
food  plants,  their  cultivation  is  restricted  mostly  to  the  Eastern  Hemi 
sphere,  and,  m  particular,  to  regions  of  rather  primitive  agricultural  prac 

ofCthe  nd  1,R '  1P°PU  atl0n  Duri"S  the  Medieval  era,  it  was  one 
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access  to  blander  grains.  Furthermore,  the  meal  cannot  be  made  into 
leavened  bread,  so  it  must  be  consumed  as  a  gruel  or  made  into  flatbread. 
Higher  yielding  grasses  are  available  for  feed  purposes,  except  where  cer¬ 
tain  rather  unusual  combinations  of  soil  and  climate  exist.  For  example, 
oats  generally  outyields  millet,  except  for  some  areas  where  sandy  soil, 
hot  growing  weather,  and  scanty  rainfall  combine  to  make  the  environ¬ 
ment  more  favorable  for  millet. 

In  comparison  with  wheat,  corn,  and  oats,  the  production  of  millet  in 
the  United  States  seems  ridiculously  small.  Most  of  it  is  grown  in  North 
Dakota,  South  Dakota,  and  Colorado,  and  is  of  the  proso  variety.  The 
seed  is  used  in  the  United  States  principally  for  poultry  feed,  but 
some  is  used  for  stock  feed,  and  a  small  amount  is  used  in  commercial 
feed  mixtures  for  pet  birds  such  as  canaries  and  parakeets.  Occasionally, 
whole  panicles  of  the  plant  are  sold  in  pet  food  stores  for  hanging  in  bird 
cages. 

The  plant  can  be  grown  as  far  north  as  54°N.  latitude.  However,  it 
does  not  grow  well  anywhere  until  the  soil  is  warm.  In  northern  states, 
seed  may  not  be  sown  until  late  June  or  early  July.  The  seed  deteriorates 
rapidly,  and  it  is  generally  considered  undesirable  for  use  after  more  than 
two  years  of  storage,  because  of  the  low  rate  of  germination. 

As  a  general  ride,  fertilizers  are  not  used  with  millet  in  the  Great  I  lains 
states.  Farther  east,  nitrogen  and  phosphate  applications  have  caused  in¬ 
creased  yields,  but  it  appears  to  be  more  economical  to  use  the  fertilizer 
on  other  crops  in  the  rotation. 

Twenty-five  to  40  lbs.  of  seed  per  acre  are  recommended  for  areas  of 
ample  rainfall,  while  15  to  20  lbs.  per  acre  should  be  used  in  drier  locali¬ 
ties.  The  smaller  amounts  of  these  ranges  are  more  appropriate  where 


Table  33 

average  composition  of  millet  and  other  grains1 


Average  Analysis,  Per  cent 


Grain 

Protein 

Fat 

Fiber 

Carbohydrate, 
Except  Fiber 

Proso  millet 
Foxtail  millet 
Sorghum 

Adlay2 

Rice  (rough) 
Wild  rice3 

Oats 

Corn 

Wheat 

Barley 

11  .7 

12.1 

11.3 

13.6 

7.9 

14.1 

12.0 

9.7 

13.2 

11  .8 

3.3 

4.1 

2.9 

6.1 

1.8 

0.7 

4.7 

4.0 

1.9 

2.0 

8.1 

8.6 

2.2 

8.4 

9.0 

1  .5 
10.6 

2.3 

2.6 

5.7 

64.2 

60.7 

71.3 

58.5 

64.9 

74.4 

60.2 

71 .1 

69.9 

68.0 

4  Many  of  .heTe  data  v^Tobtained  from  Morrison  (1948). 
2  Leme  de  Rocha  (1950). 

>  Nelson  and  Palmer  (1942). 


Ash 

3.4 

3.6 
1  7 

2.6 

5.2 

1.2 
3.6 

1.4 
1  .9 
2.9 
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Fig.  42.  Distribution  of  the  World’s  Millet  Production 
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seed  production  is  intended  and  the  larger  amounts  are  suitable  for 
forage  planting. 

In  spite  of  its  unpopularity  as  food,  millet  has  a  nutritive  value  com¬ 
parable  to  that  of  other  cereals.  The  “average  composition”  of  several 
grains  including  millet  is  shown  in  Table  33.  It  can  be  seen  that  both 
proso  and  foxtail  millet  are  somewhat  higher  in  protein  than  rice,  sorghum, 
corn,  and  oats.  However,  the  biological  value  of  the  protein  for  humans 
has  apparently  not  been  determined.  Millet  has  a  high  percentage  of 
indigestible  fiber  because  the  seeds  are  inclosed  in  hulls  which  are  not 
removed  by  ordinary  processing  methods.  It  is  a  good  source  of  thiamin, 
and  probably  contains  appreciable  amounts  of  the  other  B  vitamins. 
Similar  varieties  of  millet  grown  in  different  parts  of  the  world  do  not 
seem  to  vary  greatly  in  composition  (Anon.  1937,  Wu  1928,  and  Morrison 

1948). 


WILD  RICE 

Wild  rice  ( Zizania  aquatica )  is  botanicallv  rather  far  removed  from 
true  rice,  though  both  are  classified  in  the  tribe  Oryzeae.  In  appearance 
the  plant  does  not  greatly  resemble  rice,  and  the  grain  itself  has  few 
similarities  with  its  cultivated  namesake.  Evidently  the  aquatic  habit  of 
wild  rice  led  to  its  name.  The  plant  is  also  called  Tuscarora  rice  or  Indian 

rice.  .  ... 

Zizania  aquatica  is  an  annual  grass,  usually  5  to  10  feet  ta  ,  wic 
bears  4  to  6  leaves  1  to  4  cm.  in  width  and  up  to  65  cm.  Ion g^  e 
panicles  are  usually  30  to  50  cm.  long  and  the  branches  15  to  -  cm. 
long  The  seeds  are  covered  with  palea  and  lemma  when  they  all  from 
the  panicle.  Upon  removing  the  palea  and  lemma,  the  black  kernel  is 
revealed  to  have  the  shape  of  a  cylinder  with  rounded  ends  The  kerne 
is  about  10  to  20  mm.  long  and  0.5  to  1.0  mm.  in  diameter  (Anon.  1948). 

Wild  rice  is  found  on  mud  Hats  almost  all  over  the  eastern  WfofthB 
United  States  and  in  Southern  Canada  eastward  of  L.  V  8 

Related  species  are  cultivated  in  various  other  portions  ot  the  world. 
MinnesotTIs  the  largest  producer  of  wild  rice  and  —n,  second. 
The  harvest  in  Canada  is  usually  considerab  y  e  ,  ] 

States  Probably  the  total  value  of  all  rice  entering  commerc  al  channel 
ta The  Wester,,'  hemisphere  amounts  to  less  than  two  million  dollars 

. 

z&zsz . 

^iSSK^^ea;.  even  when  the  bulb  of  the  grain 
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is  harvested.  The  grains,  inclosed  by  the  palea  and  lemma,  become  de¬ 
tached  from  the  parent  inflorescence  in  late  autumn  and  fall  into  the 
water.  Eventually  the  grain  sinks  into  the  muddy  bottom  and  remains  in 
a  dormant  condition  throughout  the  winter  ( Brown  and  Scofield  1903 ) . 

The  time  of  germination  depends  upon  the  water  temperature  and  may 
vary  in  different  localities  from  the  latter  part  of  March  to  the  beginning 
of  June.  About  a  month  after  germination,  the  stalk  rises  above  the 
water.  Shortly  thereafter,  the  panicles  appear  and  the  plants  begin  to 
flower.  The  stalks  continue  to  grow  until  the  grains  are  almost  mature. 

As  a  rule,  wild  rice  must  be  harvested  during  the  first  two  weeks  of 
September  or  else  most  of  the  grain  will  fall  into  the  water  and  be  lost. 
The  ripening  process  is  not  simultaneous  for  all  grains  in  a  panicle  and 
the  mature  kernels  are  easily  dislodged  and  lost  in  the  water,  so  several 
harvests  are  necessary  if  the  greatest  yield  is  to  be  obtained  from  a  rice 
bed. 

Wild  rice  is  harvested  by  Indians,  mostly  by  members  of  the  Chippewa 
tribe.  Canoes,  and  flat-bottomed  boats,  manned  usually  by  two  people, 
are  used  for  gathering  the  grain  (Stevens  1952).  The  boats  are  poled 
through  the  rice  beds  by  one  of  the  occupants  while  the  other  draws  the 
ripe  heads  of  grain  over  the  side  of  the  boat  with  a  stick.  When  the 
panicle  is  in  position,  it  is  struck  sharply  with  another  stick,  dislodging  the 
grain  into  the  boat.  Perhaps  a  bushel  (30  to  60  lbs.)  of  wild  rice  can  be 
gathered  in  an  hour  by  this  method.  Large  scale  mechanical  harvesters 
have  also  been  put  into  use  in  one  or  two  areas,  but  the  unfavorable  con¬ 
dition  of  the  terrain  over  which  they  must  operate  greatly  hampers  their 
use.  Furthermore,  mechanical  harvesting  has  been  banned  by  law  in 
Minnesota  since  1939. 


After  harvesting,  the  grain  is  dried  for  2  to  3  days  in  the  open  air  and 
then  it  is  parched  and  the  hulls  removed  by  pounding.  Data  on  the 
changes  m  moisture  content  during  drying  and  parching  do  not  seem  to 
)e  available  although  the  marketed  product  frequently  contains  7  to  10 
per  cent  moisture.  Parching  is  often  done  with  crude  equipment,  fre¬ 
quently  a  makeshift  container  supported  over  a  wood  fire.  Large  proc- 
essers  pass  the  grain  through  rotating  cylinders  (engine-driven)  situated 
over  heatmg  units.  Control  of  the  processing  times  and  temperatures  is 

thfLdTTlf  UP°"  7  aCCUrate  iudging  of  the  text"re  color  of 
the  product.  Excessive  heat  causes  popping  of  the  rice 

After  parching,  the  hulls  of  the  wild  rice  are  removed  by  subjecting 
the  grain  to  impact.  Formerly  the  Indians  Hid  fhic  l  .  '  .  S 

grain,  but  mechanical  devices  are  used  now  A  c  V  *  “mp,nt8  °n  the 
tus  consists  of  cylinders  with  "tatTng  coTes  of  ,,7.""  ^  ° 

Suction  devices  draw  off  the  hulls  as  they  are  loosened.  TheZn^en 
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pass  over  screens  which  remove  broken  grain  and  the  pieces  of  hulls. 

The  wild  rice  of  commerce  is  strictly  a  gourmet  food.  It  is  by  far  the 
most  expensive  cereal  on  the  market,  usually  selling  for  over  $3.00  per 
pound.  In  American  cuisine,  wild  rice  is  used  principally  in  combination 
with  poultry  and  game  birds,  either  as  a  stuffing  or  as  a  side  dish.  In 
such  a  context,  discussion  of  the  nutritive  value  of  a  food  is  rather  aca¬ 
demic  since  it  is  hardly  likely  that  it  will  ever  make  up  a  significant  part 
of  anyone’s  diet.  However,  a  comparison  of  the  composition  of  wild  rice 
with  that  of  other  cereals  is  included  in  Table  33  (p.  180)  for  the  sake  of 
completeness.  Vitamin  content  of  wild  rice  is  of  the  same  order  as  that 
of  whole  wheat  in  most  respects,  except  that  the  former  cereal  contains 
considerably  more  vitamin  BL>.  Wild  rice  is  a  fair  source  of  calcium  and 
phosphorus  (Nelson  and  Palmer  1942). 


INDIAN  RICE  GRASS 

Indian  rice  grass  ( Oryzopsis  hymenoules)  is  a  perennial  which  grows 
wild  in  many  of  the  states  of  the  western  United  States.  Figure  44  gives 
an  indication  of  the  appearance  of  the  plant.  It  has  been  described  as 
a  densely  tufted  bunchgrass  growing  from  1  to  2  feet  tall.  The  leaves 
are  slender  and  almost  as  long  as  the  stems.  The  spreading  panicle  bears 
long  pediceled  spikelets  and  lemmas  with  silky  hairs. 

Seed  formation,  when  it  occurs,  results  in  the  formation  of  seeds  resem¬ 
bling  millet.  They  are  short  and  almost  round  in  contour;  they  are  dark 
approaching  black  in  color;  and  are  covered  profusely  with  white  hairs. 
The  seed  bears  a  short  awn. 

The  grain  was  frequently  gathered  by  the  Indians  for  use  in  much  the 
same  manner  as  they  used  wild  rice  (Anon.  1948).  They  were  parched, 
oi  ground  into  meal  and  flour  for  making  unleavened  bread.  Rice  grass 
is  now  used  almost  exclusively  for  forage,  and  it  is  rather  highly  regarded 
or  this  purpose  in  areas  where  extensive  stands  of  the  native  plant  occur. 
Bohmont  and  Lang  (1957)  reported  variations  in  the  morphological 
characteristics  and  the  payability  to  animals  of  some  geographic  strains 

HKfi?  fT*'  11  '’“i  been  recommended  for  range  re-seeding  (Verner 
1956)  but  apparently  is  not  widely  utilized  in  this  connection  at  the 

present  time.  It  competes  well  on  dry  sandy  soils  and  may  be  the  pre- 
dommant  plant  in  sand  dune  areas.  As  might  be  expected  from  this 
distribution,  ,t  is  tolerant  to  drought.  It  is  also  relatively  tolerant 
high  concentrations  of  minerals  in  the  soil.  '  *  * 


1  lie  available  literature  does  not  contain  any  references  to  th  ,-v 
bon  or  growth  of  ad.ay  or  job's  tears  (Coir  kicrynu,,^  £  t  UnZ 
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States.  The  plant  has  been  grown  for  its  ornamental  properties  in  this 
country,  but  it  is  no  longer  very  popular  for  this  purpose.  It  has  been 
used  for  food  in  the  Orient  for  thousands  of  years  and  a  variety  selected 
for  high  protein  content  was  introduced  into  Brazil  some  years  ago. 
Several  plantations  now  exist  in  the  Sao  Paulo  area  of  Brazil  ( von  Schaaf- 
hausen  1952). 

The  plant  is  a  robust  branched  grass.  Most  varieties  are  4  to  6  feet  tall, 
though  some  are  shorter.  Fig.  45  gives  an  indication  of  the  appearance 
of  the  plant.  The  inflorescences  are  made  up  in  part  of  hard,  hollow, 
bead-like  structures  which  are  globular  or  somewhat  pear-shaped.  The 
inflorescence,  one  of  which  develops  at  the  end  of  each  peduncle  from 
a  leaf  sheath,  exhibit  a  wide  range  of  colors,  from  white  through  yellow, 
red,  and  purple  to  brown.  Coix  is  monoecious,  and  the  staminate 
spikes  project  from  an  orifice  on  the  tips  of  certain  of  the  bead-like 
structures,  but  the  pistillate  flowers  are  inclosed  with  only  the  styles 
projecting. 

Wester  (1921)  studied  the  nutritional  aspects  of  the  many  varieties  of 
adlay  grown  in  the  Philippines.  He  concluded  that  the  protein  content 
was  similar  to  that  of  wheat,  but  that  the  biological  value  of  adlay  protein 
was  higher.  The  composition  of  adlay  grain  is  shown  in  Table  33  (p. 
180).  Several  methods  of  preparation  of  the  grain  were  tried  by  Wester. 
He  found  that  it  could  be  hulled  by  machinery  for  hulling  rice.  The 
grain  could  also  be  ground  and  made  into  excellent  biscuits  (crackers), 
von  Schaafhausen  (1952)  made  bread  and  biscuits  out  of  a  mixture  of 
30  per  cent  adlay  flour  and  70  per  cent  wheat  flour.  The  Chinese  use  the 
grain  in  soups,  and  in  Japan  it  is  made  into  a  fermented  beverage  (Ko- 
gama  and  Yamato  1955).  Experiments  indicated  that  adlay  meal  can 
be  substituted  for  wheat  bran  and  middlings  in  a  balanced  ration  for 
chickens.  Hog  feeding  tests  also  showed  good  results. 

Apparently  one  of  the  chief  reasons  why  this  cereal  has  not  achieved 
greater  popularity  is  that  it  requires  a  long  growing  season.  An  im¬ 
proved  variety  promoted  by  von  Schaafhausen  overcomes  this  difficulty 
and  has  the  additional  advantage  of  high  yield.  It  ripens  in  five  months 
or  less,  as  opposed  to  about  six  or  seven  months  for  the  other  varieties 
The  yield  is  said  to  be  greater  than  that  of  rice  and  in  many  instances 
greater  than  that  of  corn.  It  has  been  grown  in  temperate  regions  of 
Brazil  as  well  as  in  tropical  and  subtropical  countries. 

In  growing  adlay,  the  soil  is  prepared  as  for  other  cereals.  In  Brazil  at 
east  the  proper  time  for  sowing  is  about  the  same  as  for  corn.  Sowing 
1  done  by  machine  in  rows  which  are  about  two  feet  to  a  yard  apart 

Tseessen.!'r,o  hle  T*  *  1“  ^  ^  germinate  slowed 

essential  to  keep  the  weeds  under  control  during  the  first  month 
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Harvesting  has  been  done  by  hand  in  most  of  the  plantations,  but  it  is 
said  that  the  seed  can  be  mechanically  harvested  by  methods  used  fo. 

barley. 
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Milling 


INTRODUCTION 


The  milling  of  cereal  grains  into  a  powdery  material  and  the  pro¬ 
duction  of  food  products  from  this  powder  appears  to  be  as  old  as  re¬ 
corded  civilization.  Many  authors,  having  an  interest  in  the  history  of 
foods,  have  treated  this  subject  in  detail.  That  is  not  our  purpose.  What 
is  of  particular  interest  is  that  this  practice  has  withstood  the  test  of  time 
and  has  been  passed  from  generation  to  generation  to  the  present  day. 

No  doubt  the  taste  of  products  made  from  cereal  grains  has  much  to 
do  with  this  fact.  However,  when  one  remembers  the  wide  variety  of 
products  made  from  ground  cereals  varying  from  the  unleavened  flat 
bread— such  as  the  chapaties  (Nath,  Singh  and  Nath  1957)  of  India— to 
the  yeast  leavened,  highly  specialized  bread  products  of  the  western 
civilization,  it  becomes  apparent  that  this  is  not  the  entire  story.  Perhaps 
the  primary  and  compelling  reasons  for  the  continued  use  of  cereal  grains 
as  a  food  is  not  their  taste  but  rather  the  ease  of  growing  them  and  their 
stoiage  stability.  Man  early  learned  the  power  of  dehydration  as  a 
method  of  preserving  cereal  grains.  Apparently,  through  the  teachings 
of  trial  and  error,  civilization  discovered  that,  by  sun  drying  cereals,  the 

seeds  of  these  grasses  could  be  stored  for  many  months  without  spoilage 
(Oxley  1948).  b 


It  is  also  a  fact  that  man  very  early  learned  to  grind  grain  into  a 
powdery  material  before  eating  it.  This  step  was  important  because  it 
greatly  increased  the  variety  of  foods  which  could  be  made  from  cereals, 
t  appears  that  the  first  foods  were  flour  and  water  pastes-the  art  of 
leavening  foods  being  more  recent.  Many  unleavened  cereal  foods,  how- 

snagheTtOb1  •  USed_pi®  Crusts  and  alimentary  pastes  (macaroni  and 
spaghetti)  being  examples. 

It  is  believed  that  the  Egyptians  were  the  first  to  ferment  doughs  with 
yeast  (Thorpe  1927)  to  produce  bread.  Yeast  fermentation  to  make  bread 

the"  world!  *  “  COrnerston(;  of  the  baking  industry  in  a  large  part  of 

tur?(Anon"iqSrnr  did  n°'  appear  until  *6  nineteenth  cen¬ 

tury  (Antm.  1940).  Corn  flours  and  corn  meals  in  the  United  States  h 

parhcularly  benefited  by  the  development  of  chemical  leaving 
PMsburyCoLA"SEN  “  Mam,ger  <lf  Research,  Research  and  Development  Department, 
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The  results  of  this  heritage  are  that  the  production  of  flours  from  cereals 
is  today  in  very  large  tonnages.  While  a  great  deal  of  milling  is  still  done 
by  hand  and  more  by  millstones,  the  major  production  in  most  countries 
is  in  large,  highly  mechanized  mills.  It  is  this  type  of  production  which 
will  be  considered  here. 

THE  MILLING  OF  WHEAT 


Introduction 

There  are  a  number  of  good  books  written  on  wheat  milling.  Foi  more 
detailed  information  on  a  specific  subject,  the  reader  is  referred  to  the 
following:  Kozmin  (1917),  Scott  (1951),  Smith  (1944),  and  Lockwood 

(1952). 

The  wheat  milling  process  consists  of  five  main  parts.  They  are: 

1 .  The  reception  arid  storage  of  the  wheat. 

2.  The  cleaning  of  the  wheat. 

3.  Tempering  or  conditioning. 

4.  The  milling  of  wheat  into  flour  and  into  its  by-products. 

5.  The  storage  of  the  finished  product. 

It  should  be  remembered  that  the  milling  of  wheat  is  a  physical 
process  The  miller  is  confronted  with  a  seed  composed  of  a  bran  coat 
which  protects  the  seed  from  the  elements,  an  embryo  called  the  germ 
and  a  starchy  food  reserve  area  called  the  endosperm.  This  composition 
applies  to  all  classes  of  cereal  seeds  and  thus  all  are  susceptible  in  some 
degree  to  dry  milling  techniques. 


Table  34 


THE  COMPOSITION 

OF  CEREAL 

SEEDS 

Wheat 

Rye 

Corn 

Durum 

Bran 

12 

3 

85 

10 

3 

87 

6 

12 

9 

2 

Germ 

Endosperm 

82 

89 

it  is  pulverized  endosperm  that  is  transformed  mto  ^  ^ 

SSI  — of  a  white  Hour.  To  make  white  Hour,  it  is  neces- 

^ oil  which 


MILLING 


195 


makes  it  putty-like.  Hence,  it  will  flatten  rather  than  pulverize  under  the 
force  of  rolls.  The  resultant  large,  flat  germ  pieces  can  then  be  removed 
by  sieves. 

The  case  with  bran  is  quite  different.  Bran,  like  endosperm,  grinds 
very  easily  into  a  fine  powder.  When  bran  is  in  this  form,  it  is  quite 
impossible  to  separate  it  from  the  powdery  endosperm  (Lockwood  1952). 
Flour  contaminated  with  wheat  bran  is  brownish  rather  than  white  and  is 
not  as  desirable  for  food  purposes. 

Thus,  the  aim  of  the  flour  milling  system  is  to  obtain  as  much  flour  as 
is  possible  from  the  endosperm  without  contaminating  the  flour  with 
bran  particles  or  with  germ.  Since  most  mills  obtain  about  a  70  per  cent 
yield  of  flour  from  a  theoretical  yield  of  about  85  per  cent  total  endo¬ 
sperm,  they  are  operating  at  about  80  per  cent  maximum  efficiency. 
Clearly,  there  is  room  for  improvement. 

The  effective  separation  of  bran  from  endosperm  depends  upon  two 
principles.  Both  are  related  to  the  construction  of  the  wheat  berry.  The 
first  is  the  fact  that,  when  wheat  is  soaked  with  water,  the  bran  becomes 
tough  and  rubbery  while  the  endosperm,  which  is  in  the  interior,  becomes 
soft  and  friable.  This  soaking  step  is  called  tempering  or  conditioning. 

The  second  fact  that  makes  the  separation  of  bran  and  endosperm  pos¬ 
sible  relates  to  morphological  structure  in  that,  when  the  wheat  berry  is 
sheared  by  the  corrugations  of  the  first  roll  or  break,  it  will  split  open 
releasing  some  endosperm  and  flour.  Most  of  the  particles  will  resemble 
partially  flattened  clam  shell  pieces.  As  a  result,  the  remaining  endo¬ 
sperm  of  the  wheat  berry  is  exposed. 

Thereafter,  the  milling  process  involves  the  careful  scraping  of  this 
endosperm  away  from  the  toughened  bran  so  as  not  to  contaminate  it 
with  the  bran.  As  already  stated,  if  all  of  the  endosperm  could  be  sepa- 
rated  from  the  bran,  about  an  85  per  cent  yield  of  flour  would  result. 

,  15  per  cent  of  flour  not  recovered  as  such  is  found  in  the  by¬ 

products  of  milling.  This  Hour  finds  its  way  partly  into  a  product  called 
shorts.  Shorts  are  essentially  pieces  of  finely  ground  bran  and  adherent 
and  free  endosperm  mixed  together.  Shorts  are  sold  mainly  for  animal 
feed  with  a  smaller  portion  going  into  food  and  into  industrial  uses  The 
remainder  of  the  flour  still  clings  to  the  large  bran. 

The  by-products  of  milling-the  germ,  the  shorts  and  the  bran-to 
gether  comprise  about  30  per  cent  of  the  mill  streams.  About  one-half  of 

. . - — 

are  sold  as  such.  This thefacT^hatTh “f 
the  by-products  svere  in  the  animal  feeding  area.  This  is  M 
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Turbomilling 

Recently  Wichser  (1958),  Gellrich  (1958),  Elias  (1958),  and  Elias  and 
Scott  ( 1957 )  reported  a  new  development  which  has  been  added  to  the 
flour  milling  process,  an  innovation  which  is  bringing  about  some  strik¬ 
ing  changes  in  the  products  that  can  be  produced  by  a  mill.  This  process 
is  called  turbomilling. 

In  principle,  this  process  involves  the  air  classification  of  flour  to  sepa¬ 
rate  the  protein  and  starch,  one  from  the  other.  Separation  of  starch  from 
protein  by  air  classification  of  flour  is  only  possible  because  of  the  peculiar 
structure  of  the  endosperm  portion  of  wheat. 


HARD  WHEAT  FLOUR 
SHOWING- 

(1)  ENDOSPERM  AGGLOMERATES 

(2)  STARCH  GRANULES 

(3)  BROKEN  STARCH 

(4)  BROKEN  PROTEIN 


Fig.  46.  Particle  Types  Present  in  S 


SOFT  WHEAT  FLOUR 
SHOWING- 

(1)  ENDOSPERM  AGGLOMERATES 

(2)  STARCH  GRANULES 

(3)  BROKEN  STARCH 

(4)  BROKEN  PROTEIN 


t  Wheat  and  Hard  Wheat  Flour 


Endosperm,  when  observed  under  the  m>e>0SC0Pe>  “ h°f  ceUu- 
cells,  the  walls  of  which  are  composed 

lose  wall  is  so  tlnn  as  to  be  a  most  in™  ’  protein  constituents, 

are  more  easily  seen,  particularly  the  starch  and  he  pro  5  t(,  5() 

The  starch  appears  as  sma  ;  between  these  starch 

SX  *-  published  in  the  worhs  of 

Hess  (1953  and  1954). 
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Since  this  protein  lies  in  the  interstices  between  the  starch,  particularly 
where  three  starch  particles  come  together,  its  shape  is  not  round  but 
rather  it  is  in  the  shape  of  a  wedge. 

During  the  milling  of  flour,  the  endosperm  cells  are  broken  apart. 
Upon  further  milling  of  the  endosperm  pieces,  some  of  the  starch  and 
protein  are  separated,  one  from  another,  as  discrete  pieces;  the  protein 
chunks  are  irregular  in  shape  and  small  in  size  (mostly  below  20  microns), 
while  the  starch  pieces  are  round  and  usually  larger. 

Thus,  flour  produced  in  a  normal  roller  mill  contains  three  distinct 
physical  entities.  These  are  the  endosperm  chunks,  the  starch  granules 
and  the  protein  particles. 

The  flow-dynamics  properties,  (size,  shape  and  specific  gravity)  of  the 
different  particles  permit  separating  into  size  ranges  where  protein  matter 
is  enhanced  or  depleted  in  the  material.  For  example,  a  vortex  classifier 
uses  centrifugal  force  in  an  air  medium  to  attain  flow-dynamic  size  sepa¬ 
rations. 

As  a  consequence,  flours  rich  in  protein  (above  20  per  cent)  and  flours 
low  in  protein  (below  six  per  cent)  are  beginning  to  appear  on  the  market. 
At  least  one  literature  citation  claims  it  possible  to  make  wheat  starch 
by  this  process  ( Wichser  1958 ) . 

Since  turbomilling  is  new,  the  limits  of  its  possibilities  are  not  known. 
The  ultimate  would  be  a  separation  of  flour  into  pure  starch  and  protein. 
If  this  is  accomplished,  many  new  market  possibilities  for  cereal  products 
will  undoubtedly  be  established. 

Returning  to  the  principal  divisions  of  the  milling  system,  let  us  con¬ 
sider  each  part  in  order  of  appearance. 


Reception  and  Storage  of  Wheat 

Wheat  selection  is  the  backbone  of  the  flour  milling  process.  Without 

t  ic  proper  wheat  varieties -dry,  unsprouted  and  free  from  insect  contam- 

mation-the  miller  is  powerless  to  produce  an  adequate  product. 

About  70  per  cent  of  the  milling  of  flour  in  the  United  States  is  for 

reproduction  of  brea‘>  fl°”-  This  percentage  is  even  higher  in  some 
of  the  other  countries. 

Whether  a  wheat  is  to  be  used  for  bread  production  or  for  cakes  cook 
wheat  R  °r  T"tS  depe"ds  e™ari|y  “P°"  the  protein  conten  ’of  the 

“  ‘n  Prxr-  "‘c,x — 

the  grain  from  which  it  is  milled,  the  wheat  is Xu'di^at"' than 
cent  higher  protein  content  than  wanted  in  the  finished  flour." 
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It  is  up  to  the  wheat  buyer  to  provide  the  miller  with  the  proper  wheats 
for  milling.  He  mainly  looks  for  proper  protein  content.  Improper  dry¬ 
ing  in  the  field  is  detected  by  a  musty  odor  which  is  caused  by  mold 
growth.  Sprouted  wheat  results  from  damp  conditions  during  harvest. 
Generally,  the  wheat  buyer  knows  which  areas  of  the  country  are  afflicted 
with  sprouted  or  tough  wheat  in  a  given  year.  He  avoids  purchases 
from  these  areas.  An  abnormally  high  maltose  test  (see  chemical  meth¬ 
ods)  also  indicates  sprouting  conditions.  Insect  contamination  can  be 
detected  by  soft  X-ray  analysis  of  the  wheat,  and  this  method  of  control 
is  now  finding  wide  acceptance. 

It  should  be  pointed  out  that  wheat,  as  other  cereal  grains,  is  subject 
to  government  inspection  and  grading.  Such  a  grading  system  is  of 
great  help  to  the  grain  buyer  since  it  not  only  takes  into  consideration  the 
soundness  of  the  wheat  for  milling  purposes,  but  also  limits  the  amount 
of  contamination  of  other  cereal  seeds,  weed  seeds  and  foreign  matter. 
Special  grade  designations  are  made  for  wheats  with  moisture  contents 
in  excess  of  14.0  per  cent  or  14.5  per  cent,  depending  on  the  class,  thus 

bruiting  the  worth  of  high  moisture  wheats. 

Wheat  is  stored  at  the  mill  in  large  concrete  bins.  The  amount  of  stor¬ 
age  space  at  the  mill  varies  greatly.  Most  all  mills  store  at  least  a  six 
weeks’  supply  with  some  mills  having  over  32  weeks’  storage  capacity. 

Before  storage,  however,  the  wheat  undergoes  a  preliminary  cleaning 
and  drving  to  remove  the  gross  impurities  and  foreign  material  and  to  re- 
move  moisture  if  necessary  so  that  the  wheat  can  be  stored  w.thout  heat¬ 
ing  Heat  production  results  from  the  growth  of  micro-organisms  in  the 
grain  and  is  caused  by  the  heat  of  their  respiration  process  and  the  fact 
that  in  the  confined  space  of  the  silo,  this  heat  cannot  escape  (Anderson 
and  Alcoek  1954).  To  prevent  this,  wheat  must  be  kept  dry-normally 

nn  lusher  than  14.5  per  cent  moisture. 

On  arrival  at  the  mill,  wheat  will  contain  foreign  impurities,  the  extent 
of  ,he  contamination  being  less  if  adequate  government  standards  and  m- 
spe^on  exist.  Some  wheats  contain  sticks,  stones,  string  and  even  b 
Tel  th  These  must  be  removed  before  wheat  goes  into  storage.  Dust 
:LCsmalle“f  foreign  matter  are  left  to  the  cleaning  done  ,us.  prior 

Therefore,  after  the  wheat  is  removed 

it  goes  over  sieves  ^Xed^sieve  UsuaUy  air  is  drawn  through 

such  type  is  an  oscill •  R  lighter  impurities  hy  aspiration 

the  sieve  at  several  points  t  d  depends  upon  a  revolving 

Another  separator  whmh^.s^^d  ^  ^  ^  (about  ./,  by  V.  inch 
reching^dar  perforations)  goes  through  the  openings  and  is  trapped  the 
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center  and  carried  away  by  baffles.  The  large  rubble  cannot  pass  the 
screen  and  is  discarded. 

The  drying  of  wheat  before  storage  has  become  much  more  important 
in  recent  years.  The  greater  importance  of  wheat  drying  at  the  present 
time  results  from  the  tendency  to  store  more  wheat  at  the  mill  for  longer 
times  with  consequently  greater  opportunities  for  heating.  The  second 


Courtesy  Simon-Carter  Co. 

Fig.  47.  Carter  Scalperator 


reason  ,S  that  much  wheat  is  now  harvested  by  a  combine  machine  which 
cuts,  threshes  and  sacks  the  wheat  all  at  once.  In  this  operation,  the  dry- 

ref  of.tut  wheat  ,n.s  ’ocks  threshing  has  been  abandoned.  The 

result  is  wheat  Oi  higher  moisture  content. 

Wheat  is  dried  by  the  application  of  heat.  Both  hot  air  and  radiators 

atctsrnsK  aw.  sssit  t 
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large  enough  to  “allow  time  for  the  internal  moisture  to  diffuse  at  a  tem¬ 
perature  of  not  over  115°F.  when  the  moisture  content  is  over  17  per 
cent,  and  not  over  130° F.  when  the  moisture  content  is  under  17  per  cent." 

Since  uniform  heating  is  desired,  hot  water  radiators  through  which  the 
grain  passes  are  preferred  to  hot  air;  hot  air  tends  to  channel  and  cause 
hot  pockets. 

Normally,  moisture  is  removed  down  to  the  last  0.5  to  1.0  per  cent 
above  the  desired  dryness.  The  evaporation  of  this  last  0.5  to  1.0  per  cent 
moisture  is  used  to  cool  the  wheat  back  down  to  room  temperature. 

Thus,  the  three  stages  of  drying  are  these:  The  wheat  is  preheated  to 
the  desired  temperature.  Next,  water  is  removed  by  heat  vaporization. 
Finally,  the  grain  is  cooled  by  water  evaporation.  Modern  wheat  driers, 
therefore,  are  composed  of  three  sections,  each  handling  one  of  these 

After  drying,  the  wheat  is  ready  for  storage.  Most  storage  facilities 
are  built  of  concrete  because  it  is  cheap,  easy  to  maintain  and  fire-  and 
vermin-proof.  Metal  conducts  heat  too  well,  causing  the  grain  near  the 
wall  to  heat  and  to  drive  moisture  into  the  interior  of  the  bin.  Wood  is 


not  practical  for  large  bins.  ,.  .  ,.  _  . 

Bins  hold  from  50  to  1,000  tons  of  grain,  are  up  to  20  feet  in  diameter 

and  60  to  100  feet  deep.  A  big  problem  in  bin  design  is  to  avoid  grading 
the  wheat  by  weight.  The  heavy  wheat  goes  to  the  bottom,  the  light  to 
the  top.  This  density  separation  can  cause  serious  complications  in  mill- 
‘„g  Grading  is  avoided  by  using  distributors  or  baffles  to  d.vtde  the 
grain  as  it  enters  from  the  top  of  the  silo  or  is  removed  from  the  bottom 
Since  upon  discharge,  the  wheat  does  not  “pull  down  as  a  solid  but 
funnels  through  the  center  of  the  pile,  the  baffles  aid  m  removmg  wheat 
approximately  in  the  sequence  in  which  it  was  loadec  . 


The  Cleaning  House 

•  •  1  A  fnr  millimz  it  is  withdrawn  from  the  storage  area 

As  gram  rs  needed  fa ^  send  the  wheat  through  a  clean- 

into  the  mill  proper.  The  hist  .  l  n  .  cailed 

i„g  operation  prior  to  the  actual  milling.  This  section 

the  cleaning  house.  removed  at  the  storage 

bins,  the  techniques  used  .  ,  ullt  one  of  two  purposes, 

Whatever  the  machine  usee ,  iowc  ve  ,  removing  dirt  adhering 

either  it  is  removing  loose  foreign  surface  of 

to  the  surface  of  the  gram.  N(°™al‘y’. Nation  and/or  water-washing 
the  grain  is  done  last  using  friction,  aspiration, 

techniques. 
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Wheat  is  weighed  as  it  enters  the  cleaning  house  and  thereafter  goes 
through  a  separator.  This  is  the  same  type  of  separator  as  used  in  the 
silo  operation  except  that  it  is  set  to  remove  fine  impurities  and  dust. 
Small  pieces  of  sticks,  stones,  sand  and  dust  are  sifted  away  and  light 
impurities  such  as  wheat  chaff  are  removed  by  air  currents. 

The  next  operation  involves  magnetic  separation  to  remove  bits  of  ad¬ 
ventitious  metal  which  may  have  found  its  way  into  the  wheat  mix. 


Courtesy  Buhler  Mill  Engineering  Co. 

F,°-  4S-  An  Aspn,ATOB  for  the  Removal  or  Light  Impurities  from  Wheat 


Al  hough  aspiration  is  provided  in  the  first  sifting  machine,  there  is 
usua  ly  a  second  aspiration  and  possibly  more  as  the  wheat  passes  through 
the  cleaning  house.  No  aspirator  is  totally  efficient  so  in  order  to  do  an 
adequate  job,  several  retreatments  are  necessary 

The  next  cleaning  machine  is  designed  to  remove  cereal  grains  other 
n  wheat  and  to  remove  foreign  seeds,  particularly  weed  feeds  This 

,S  d°ne  V  Ca‘Chmg  the  — d  -ds  in  specially  designed  Sketl  ffi 
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a  revolving  metal  plate.  These  indentations  are  designed  so  that  the 
weed  seeds  or  the  oats  or  barley  fit  into  the  pockets  hut  not  the  wheat. 
The  wheat,  therefore,  passes  through  the  machine  while  the  other  seeds 
are  lifted  up  and  carried  away. 

These  machines  come  in  several  designs.  The  most  efficient,  however, 
is  the  use  of  disks  set  at  right  angles  to  the  flow  of  the  wheat.  The  wheat 
flows  through  and  out  the  end  of  the  separator  while  the  seeds  caught 
by  the  disk  are  lifted  away  from  the  bulk. 


Courtesy  Simon-Carter  Co 


F,c.  49.  A  Disk  Sepabatob  fob  the  Remove  of  Undesirabee  Seeds  from  Wheat 

point  along  the  route.  ,  mu-face  of  the  wheat  by 

ed  by"  the  clearance  between  the  paddles  and  the 

stationary  emery  surface.  ..  nf  ttie  wheat  bran)  are 

The  dirt  and  beeswing  (the  outer  coating  of  the  wn 
removed  by  air  aspiration. 
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Fig.  50. 


T  a*-  i '  tmgrVff  p-'y'  A  jji*? 

Courtesy  Thomas  Robinson  and  Sons,  Ltd. 

A  Wheat  Washer 


In  some  cases,  a  light  washing  is  performed  before  the  wheat  enters  the 
scouring  machine  in  order  to  toughen  the  wheat  so  that  it  does  not  break 
during  the  mechanical  agitation. 

A  brushing  operation  also  is  used  to  remove  the  remaining  dust.  This 

final  polishing  removes  loose  branny  particles  which  are  then  aspirated 
away. 


The  final  cleaning  step  is  a  water  wash.  The  water  dissolves  the  dirt 
and  permits  stones  and  bits  of  metal  to  sink.  In  some  cases,  it  appears  to 
reduce  microbiological  contamination  of  the  wheat,  and  in  all  cases  the 

washer  tends  to  add  about  one  per  cent  water  to  the  original  moisture 
content  of  the  wheat. 

There  are  numerous  types  of  washers.  Usually,  the  wheat  is  conveyed 
through  a  trough  of  water  where  dirt  is  floated  away  and  the  stones  sink 

Iheat'dkt  that  i  P"y  ll>ffeCtiVe  in  removin«  dirt  from  the  crease  of 
wheat,  dirt  that  is  missed  by  dry  scouring.  Following  the  washing  excess 

moisture  on  the  surface  of  the  wheat  is  removed  by  centrifugal  forces. 
Tempering  (Conditioning) 

Tempering,  as  the  word  is  used  in  the  United  States  refers  to  the  „t,p 
bon  of  water  to  the  bran  and  endosperm.  The  bran  betmes  tough  and 


204 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


rubbery  while  the  endosperm  becomes  less  vitreous.  This  improves  mil¬ 
ling  efficiency. 

In  European  circles,  the  concept  of  tempering  is  broadened  to  include 
not  only  the  toughening  of  bran  but  also  the  changing  of  the  physical 
and  chemical  characteristics  of  the  endosperm  during  milling.  This 
broader  concept  of  tempering  is  called  conditioning  (Gehle  1952).  To 
do  this,  a  controlled  heating  process  is  employed  in  addition  to  the  mois¬ 
tening  procedure. 

Wheats  can  be  broadly  classified  into  two  classes  depending  on  their 
milling  characteristics.  One  is  hard  wheat  and  the  other  is  soft  wheat. 
It  is  estimated  that  it  takes  about  20  per  cent  more  horsepower  to  grind 
a  hard  wheat  to  a  given  particle  size  than  a  soft  wheat. 

When  hard  wheats  and  soft  wheats  are  found  in  the  same  wheat  mix— 
and  this  is  quite  common,  particularly  in  European  countries-the  miller 
is  confronted  with  a  difficult  problem.  Shall  he  set  the  rolls  close  and 
overgrind  the  soft  wheat,  or  shall  he  set  them  wide  and  undergiind  the 
hard  wheat?  Obviously,  neither  alternative  is  desirable.  Fortunately, 


conditioning  provides  a  partial  answer. 

If  hard  wheats  are  maintained  in  the  presence  of  moisture  under  the 
proper  conditions  and  for  appropriate  periods  of  time,  the  endosperm 
chunks  become  softer.  In  other  words,  they  grind  more  like  soft  wheats. 
This  is  because  the  water  is  allowed  to  penetrate  the  endosperm  to  cause 
it  to  become  more  mellow.  By  this  technique,  the  milling  problems  of 
hard  and  soft  wheat  mixtures  are  considerably  simplified. 

Until  the  advent  of  the  more  modern  systems,  tempenng-as  it  is  sti 
practiced  in  the  United  States-involved  the  addition  of  water  to  grain 
to  raise  the  moisture  to  15  to  19  per  cent  for  hard  wheats  and  14.5  to  17 
per  cent  for  soft  wheats  and  allowing  the  wheat  to  lie  in  tempering  bins 
with  little  or  no  temperature  control)  for  periods  of  IS  up  to  7-  hours. 
During  this  time,  the  water  enters  the  bran  surface  and  diffuses  inward. 
This  process  causes  the  bran  to  lose  its  friable  characteristic  and  to  >t 

come  leathery  in  texture.  .  u  .  ofifi 

Usually,  tempering  is  done  in  successive  steps  since  it  is  difficult  . 

mnrP  fhan  a  few  per  cent  water  at  one  time. 

m  cLdidoidiig,  in  contrast  to  tempering,  always  involves  the  use  o  he 
since  quick  diffusion  of  water  into  the  endosperm  as  well  as 

dthas  been  established  that  water  enters  the 

germ  end  of  the  grain  and  < the  endosperm  sep- 
1956).  If  properly  controlled,  the  bia  b  der  with  less 

arates  more  easily  from  the  bran  and  can  be  pound  to  a  P»»< 

horsepower  requirement. 
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Since  heat  affects  gluten  quality,  its  application  must  be  controlled. 
Normally,  a  temperature  of  115°F.  cannot  be  exceeded  without  causing 
detectable  changes  in  the  baking  quality  of  the  flour. 

Under  some  conditions,  this  temperature  limit  is  deliberately  exceeded 
in  order  to  change  the  protein.  Higher  temperatures  cause  the  gluten  to 
become  more  resistant  to  extension  and  to  break  more  easily  during  the 
extension  (Kent-Jones  and  Amos  1957).  Normally,  gluten  treatment 
during  conditioning  involves  temperatures  between  115°F.  and  180°F 
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The  drier  the  wheat,  the  higher  the  temperature  used  and  the  longer  the 
time  required. 

Some  conditioners  involve  four  sections.  The  first  section  heats  the 
wheat  to  the  proper  temperature.  The  second  section  adds  moisture  and 
holds  the  wheat  for  the  proper  time.  The  third  section  cools  the  wheat  to 
room  temperature  and  the  final  section  provides  a  holding  bin  where  the 
moisture  in  the  wheat  is  allowed  to  equilibrate  before  milling.  Condi¬ 
tioners  are  sold  as  the  first  three  units  while  the  holding  bin  is  separate. 
However,  all  four  parts  must  be  considered  if  one  is  planning  such  an  in¬ 
stallation. 


In  addition  to  being  able  to  mellow  endosperm,  conditioners  save  much 
time  compared  to  tempering.  All  of  the  conditioning  water  can  be  added 
at  once.  The  wheat  goes  through  the  preheat  section,  the  water  addition 
section,  and  the  cooling  section  in  one  and  one-half  hours  or  less.  Millers 
differ  as  to  the  time  the  wheat  is  held  in  the  holding  bins.  Figures  from 
8  to  18  hours  are  quoted  with  the  longer  times  being  used  for  the  harder 

wheats. 

The  construction  of  conditioners  is  much  like  that  of  driers  and  indeed 
the  same  device  serves  a  dual  purpose  in  some  instances.  Radiators 
rather  than  hot  air  are  the  preferred  method  of  heating.  Cooling  is  done 
by  allowing  water  evaporation  from  the  surface  of  the  wheat  or  by  the 


application  of  cold  air.  . , 

In  one  ease  (Simon  of  England),  the  wheat  is  heated  very  rapidly  by 

direct  injection  of  steam  and  held  at  temperatures  of  120  to  150  F.  for 
about  one  minute.  Following  this,  there  is  a  rapid  cooling  iv  p  unging 
into  cold  water  and  thence  to  a  centrifugal  machine  to  remove  the  suilace 

"This  method  of  conditioning  is  extremely  fast  and  has  the  advantage 
that  the  cooling  process,  since  it  is  not  done  by  cool  air  or |  evapor 
does  not  tend  to  dry  the  bran  coat.  It  is  claimed,  also,  that  an  actual 
rupture  of  bran  coat  and  endosperm  occur  which  enhances  the  mi  g 

process. 


The  Grinding  of  Wheat 

The  milling  of  wheat  is  done  on  rolls.  The  roller  milling  system  is 
I  he  mining  bran  is  broken  open  and  the 

divided  into  two  sections.  /  ,  j  i  ster)S  This  system 

endosperm  milled  away  in  successive  and  gradual  s  1-  m 

quite  often  involves  four  or  more  sets  ol ™  con„ected  in  series,  not 
the  preceding  one.  In  othe^  ^  the  bran,  is  called  the  break 

parallel.  This  system,  since  ‘  second  and  so  on. 

SY Aft"  ^ht"^e  oTfree  bran,  free  endosperm,  free  germ 
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and  bran  still  having  adhering  endosperm  are  sifted.  This  sifting  system 
is  called  the  scalping  system.  The  bran  having  endosperm  still  on  it  goes 
to  the  next  break  roll  and  the  freed  endosperm  is  sent  to  the  reduction 
rolls  where  it  is  further  reduced  to  the  proper  particle  size  for  flours. 

Rolls  in  the  second  system  are  the  reduction  rolls  just  mentioned.  They 
are  similar  to  the  break  rolls  except  that  their  surface  is  normally  smooth 
rather  than  corrugated.  After  each  reduction  of  endosperm,  the  flour  is 
sifted  away  from  the  unground  endosperm  chunks  (called  middlings 
after  their  middle  size  as  contrasted  with  the  larger  endosperm  chunks 
that  come  from  the  break  system).  The  middlings  are  returned  to  the 
second  roll  and  the  process  repeated.  Many  mills  have  as  much  as  13 
reduction  rolls  in  series  and  number  them  as  such. 

This  does  not  mean  that  flour  passes  through  twelve  reduction  roll 
systems.  The  endosperm  from  the  first  break  may  go  through  five  reduc¬ 
tions  before  all  is  reduced  to  flour  size.  The  endosperm  from  the  second 
break  may  pass  through  4  reductions,  the  third  through  3  and  the  fourth 
through  2.  It  isn’t  profitable  to  handle  the  flour  from  the  later  breaks 
through  much  further  processing.  This  is  because  the  third  and  fourth 
breaks  are  near  the  bran  layer  when  they  are  scraping  flour  from  it  and 
thus  the  floor  is  contaminated  with  branny  material.  As  already  dis¬ 
cussed,  such  flour  is  of  low  grade  and  much  of  it  is  passed  into  millfeed. 

The  art  of  milling  lies  in  the  system  that  the  miller  actually  uses  to  mill 
his  flour.  Each  mill  is  different,  and  some  operate  to  obtain  yields  of  2  and 
3  per  cent  more  flour  than  the  average.  This  percentage  can  mean  the 
difference  between  profit  and  loss. 


The  Break  Rolls 

The  crushing  power  of  a  roller  mill  depends  upon  shear  as  well  as  pres- 
sure  forces.  One  roll  of  a  pair  revolves  faster  than  the  other.  This  dif¬ 
ferential  in  speed  for  break  rolls  is  2>A  to  1.  The  faster  roll  runs  at  from 
ogo  to  450  r  p.m.;  the  slower  speeds  being  preferred  in  European  mills. 

Break  rolls  are  always  fluted  to  obtain  the  necessary  grinding  effect 
These  saw-toothed  flutes  run  spirally  around  the  roll  and  tire  number  of 
flutes  per  inch  increase  from  the  first  to  the  fourth  break.  The  first  break 
runs  10  to  12  flutes  to  the  inch,  the  fourth  about  28  flutes. 

in  Europe,  the  rolls  are  not  set  horizontally  as  in  the  Un.ted  States  bu 
rather  on  a  diagonal.  Each  design  has  an  advantage.  The  diagonal  ro 
allow  more  machines  in  a  given  amount  of  floor  space  but  the  l  o 
zontal  rolls  permit  more  uniform  feeding  of  gram  to  he  mfls  .  ndj  ^ 
allow  faster  roll  speeds  and  more  production  per  roll, 
horizontal  or  diagonal  rolls  seems  to  be  mostly  a  matter  of  preference. 
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Courtesy  of  Miag-Nortamerica 

Fig.  53.  Diagram  of  a  Roller  Mill 


The  Break  Sifting  System 


As  already  explained,  after  each  break  bran,  endosperm  and  germ 
are  separated  one  from  another.  Normally,  all  germ  is  removed  by 
the  third  break  to  avoid  contamination  of  Hour  with  germ.  Germ  con¬ 
tains  substances  which  are  very  deleterious  to  bread  baking  (Sullivan 
et  al.  1936).  Early  removal  of  germ  is  necessary  before  the  germ  is 
ground  fine  and  cannot  be  separated. 


The  first  device  in  the  break  roll  sifting  system  ( called  the  scalping 
system)  is  a  sieving  device.  This  may  take  several  forms,  but  the  plan- 
sifter  is  most  important  and  most  prominent. 

As  the  name  implies,  a  plansifter  has  flat  sieves  piled  in  planes,  one 
above  the  other.  The  action  of  the  sifter  is  rotary  in  a  plane  parallel  with 
the  floor.  As  the  sifter  moves  in  about  a  3V2  inch  circle,  the  flour  spills 
through  to  the  sieve  below  while  the  others  are  spouted  away. 

As  many  as  twelve  sieves  are  piled  on  top  of  each  other  and  four  sepa¬ 
rate  compartments  are  found  in  one  plansifter.  Per  unit  of  floor  area  plan- 
sifters  have  tremendous  capacity,  and  this  accounts  for  their  prevalence. 

an  sifters  in  a  scalping  system  remove  at  the  top  large  pieces  of  bran 
with  adhering  endosperm.  These  are  returned  to  the  next  break  The 
next  sieves  are  finer  and  remove  bran  and  germ.  The  next  layers  finer 
ye  ,  remove  endosperm  middlings  and  the  bottom  throughs  are’ flour 
\\  ire  mesh  screens  are  used  for  the  coarser  separations  and  cloth  for  the 
finer  separates.  The  finest  sieves  which  pass  flour  are  very  fine  indeed 

O  re  mT  UP  t0  16  mesh  Per  inch  and  have  openings,  for  example,  of 
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The  middlings  go  through  further  cleaning  to  remove  fine  bran  particles 
before  they  are  ground  to  flour  on  the  reduction  rolls.  Purifiers  are  used 
for  this  purpose. 

A  purifier  is  essentially  a  long  oscillating  sieve  inclined  downward  from 
head  to  tail.  The  sieve  becomes  coarser  as  it  progresses  towards  the  tail. 

Passing  up  through  the  sieves  in  the  direction  of  from  floor  to  ceiling 
are  air  currents.  These  air  currents  passing  through  the  mass  of  ma¬ 
terial  flowing  down  the  sieve  exert  a  lifting  effect.  This  causes  the  flour 
particles  to  stratify  depending  upon  their  size,  density  and  shape.  The 
stock  separates  into  layers.  On  the  bottom  are  the  smallest  pure  mid¬ 
dlings.  Next  are  the  larger  middlings.  Next  come  small  endosperm  and 
bran  particles.  Next,  the  large  pieces  of  endosperm  still  adhering  to  bran, 
and  endosperm  chunks.  On  top  of  these  are  the  heavier  bran  particles 
and  finally  the  light  bran  particles. 

The  sieves  are  so  designed  that  only  the  endosperm  particles  pass 
through.  These  go  on  to  the  reduction  rolls.  The  overtails  are  the  com¬ 
posite  particles  of  bran  and  endosperm  and  pure  bran.  These  go  to  mill- 
feed  or  back  to  a  break  roll.  The  aspirated  materials  are  carried  to  the 


millfeed. 

The  advantage  of  a  purifier  is  that  it  performs  separations  that  are 
impossible  on  sieves.  It  was  the  development  of  the  purifier  that  made 
the  transition  of  mills  from  stones  to  steel  rolls  a  practicality.  Not  until 
the  advent  of  the  purifiers  were  really  high-grade  flours  easily  produced. 

As  many  as  twelve  purifiers  are  quite  normally  found  for  four  break 
rolls  in  the  scalping  system.  For  example,  the  fine  middlings  from  the 
first  second  third  and  fourth  breaks  normally  go  through  a  double  purifi¬ 
cation  step  while  the  coarser  middlings  need  only  one  purification  treat¬ 


ment. 


rhe  Reduction  Rolls 

The  reduction  system  comprises  the  smooth  roller  mills  and  the  sifting 
nachines.  They  reduce  the  endosperm  middlings  to  flour  size  and  facili- 

•ftp  the  removal  of  the  last  pieces  of  bran  and  germ. 

‘  The  roll  stands  in  a  reduction  system  are  divided  into  coarse  rolls  an 

£*  sst  sr  ssss  .ISS s 

•Oils,  whether  they  are  se, .  wide  to  pr<»<h.ce 

for  later  reducbon  ^  S 

^mS^^ii  the  sizing  rolls  are  then  sent  to  the  fine  rolls 
o  be  ground  to  flour. 
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Courtesy  Thomas  Robinson  and  Sons,  Ltd. 

Fig.  54.  A  Plansifter  for  Flour 


/ 

J 

Courtesy  Simon-Carter  Co. 


He.  55.  A  Purifier  for  Flour 
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After  each  reduction,  the  resulting  product  is  sent  to  sifters  where  a 
classification  by  particle  size  is  done.  Finished  flour  is  removed  and 
oversized  material  is  sent  back  to  the  reduction  rolls  for  further  processing. 

One  must  be  careful  in  the  reduction  system  not  to  overgrind  the  flour. 
Overgrinding  damages  starch  granules  and  makes  the  flour  unsuitable  for 
baking.  Overgrinding  can  be  detected  by  the  high  maltose  value  (see 
wheat  flour  specifications). 

Overgrinding  should  not  be  confused  with  grinding  too  fine.  It  is 
possible  to  grind  flour  very  fine  without  starch  damage  if  the  grinding 
is  done  gradually.  However,  great  grinding  pressures  will  cause  starch 
rupture  and  this  is  to  be  avoided  (  Jones  1940). 

The  Reduction  Sifting  Systems 

Most  of  the  sifting  system  following  the  reduction  rolls  involves  plan- 
sifters.  This  is  true  because  the  effect  desired  is  one  of  size  separation 
rather  than  bran  or  germ  removal.  The  stock  is  divided  into  coarse 
middlings,  fine  middlings  and  flour.  The  coarse  middlings  are  returned 
to  the  coarse  (or  sizing)  rolls,  the  fine  middlings  to  the  fine  rolls  and  the 
flour  is  removed  from  the  system.  Plansifters  do  this  job  very  efficiently. 

It  is  true  that  purifiers  are  often  used  behind  the  coarse  reduction  rolls. 
The  purpose  in  this  case  is  also  size  grading  rather  than  purification.  The 
range  of  flexibility  for  the  size  classification  of  middlings  is  greater  for  a 
purifier  than  a  plansifter,  and  this  accounts  for  the  preference  for  this 

machine  here. 

Normally,  for  every  reduction  roll  stand,  there  is  at  least  one  sifting 
device  to  take  care  of  its  output. 


The  Scratch  System 

In  addition  to  the  break  system  and  the  reduction  system,  most  mills 
have  a  standby  system  called  the  scratch  system.  This  system  is  normally 

apart  from  the  main  stream  of  the  mill.  ,  , 

If  the  mill  is  operating  properly,  that  is  the  tempering  is  such  that  good 
release  of  endosperm  is  obtained  on  the  break,  the  scratch  system  can  be 
by-passed.  If  not,  the  scratch  system  is  employed  to  maintain  proper 
release  of  endosperm  from  bran.  Therefore,  the  scratch  system  is 
reality  an  extension  of  the  break  system. 

The  Conveying  System 

Some  means  must  be  provided  for  the  transport  of  flour  *°<*  from 
machine  to  machine.  Most  mills  depend  upon  gravity  a  d  J 

Hour  mills  are  so  high.  The  wheat  flour  is  mom U  P  by r  buck*  e 
( that  is,  endless  belts  having  attached  buckets  which  pick  up 
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at  the  bottom  and  dump  it  at  the  top),  and  then  the  flour  flows  by  spouts 
to  the  rolls  and  to  sifters.  Several  elevations  are  needed  for  the  com¬ 
plete  milling  system,  and  one  is  impressed  by  the  maze  of  pipes  and 
spouts  that  are  seen  on  the  operating  floor  of  a  flour  mill. 

Bucket  elevators  have  two  serious  disadvantages.  They  are  dusty  and 
they  provide  a  place  for  insects  to  grow.  Consequently,  most  modern 
mills,  while  they  still  depend  upon  gravity  for  downward  flow,  have 
gone  to  air  conveying  of  flour  in  place  of  bucket  elevators. 

Under  appropriate  air  velocities,  solid  matter  such  as  flour  is  lifted 
from  its  solid  mass  bed  and  will  flow  like  a  liquid.  The  air  force  may 
be  pressure  or  vacuum  and  in  flour  mills,  vacuum  is  used.  Powerful  suc¬ 
tion  fans  provide  the  negative  pressure.  The  air  intake  is  through  the 
roller  mills,  and  this  air  has  the  desirable  effect  of  keeping  rolls  and  flour 
stock  cool  during  grinding. 

Pneumatic  conveying  is  the  term  applied  to  this  system  in  flour  mills. 
The  higher  power  costs  are  offset  by  cheaper  construction,  less  mill  clean¬ 
up,  less  infestation,  cooler  stocks,  and  metal  rather  than  wood  spouting. 
In  addition,  some  millers  claim  greater  yields  caused  by  the  detachment  of 
endosperm  from  bran  during  conveying. 


THE  STOKAGE  AND  PACKAGING  OF  FLOUK 

The  bulk  handling  of  flour  is  coming  into  importance.  Not  only  is  the 
flour  conveyed  by  trucks  and  by  railroad  cars,  but  in  addition  to  wheat 
bins,  large  flour  bins  are  now  also  an  integral  part  of  the  flour  mill.  All 
this  has  been  made  possible  by  pneumatic  conveying  systems. 

Bulk  storage  flour  has  a  number  of  advantages.  Paramount  is  the 
ability  to  blend  flour  after  milling  to  achieve  optimum  quality.  Another 
advantage  is  that  adequate  storage  of  flours  allows  greater  milling  flexi¬ 
bility.  Different  grades  can  be  milled  out  and  held  until  needed.  This 
increases  running  time  on  a  mix  and  avoids  costly  machine  setting  changes 
that  are  required  as  one  changes  over  from  one  wheat  mix  to  another. 

Practice  varies  widely  but  most  newer  mills  that  have  bulk  flour 
storage  can  hold  from  2  to  4  days  of  production. 

The  movement  of  flour  in  bulk  is  particularly  important  in  the  United 

States.  Special  railroad  cars  called  air  slide  cars  are  provided  for  this 
purpose. 

Early  concern  for  the  quality  of  flour  transported  by  railroad  cars  or 
trucks  has  proved  unfounded  (Pratt  1958).  This  sort  of  transportation  is 

Most  flour,  however,  is  still  packed  in  bags  weighing  from  2  to  100  lbs 
The  larger  bags  are  for  bakery  use,  the  smaller  for  the  consumer  market 
‘  ge  bags  are  packed  by  automatic  packers  which  require  only  that 
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the  1(X)-  or  50-lb.  bag  be  manually  fitted  on  a  spout.  The  bag  is  auto¬ 
matically  filled  to  correct  weight  and  stitched.  In  some  cases,  the  bag  is 
filled  through  a  spout  which  is  an  integral  part  of  the  container  and  the 
spout  is  then  tucked  into  the  bag  completing  the  seal.  This  eliminates 
the  need  for  stitching.  About  ten  bags  a  minute  can  be  filled  this  way. 

Smaller  bags  are  filled  on  automatic  machines  which  place  the  hag,  fill, 
weigh  and  seal  automatically.  The  fastest  machine  on  the  market  today 
operates  at  about  50  bags  a  minute. 

The  handling  of  sacks  in  the  warehouse  involves  the  use  of  automatic 
conveyors,  palletizing  and  lift  trucks.  Since  such  operations  are  not 
unique  to  the  dry  milling  industry,  they  will  not  be  discussed  further  here. 


Courtesy  The  Simco  Co. 

Fic.  56.  A  Hich  Speed  Flour  Packer  for  Small  Packages 


THE  MILLING  OF  CORN 

In  contrast  to  the  milling  of  rye,  durum  and  flour,  there  are  many  nulls, 
particularly  in  southern  United  States,  where  corn  milling  is  still  done  on 
mill  stones.  Such  stone-ground  corn  meal  is  made  from  the  tota  corn 
seed  and  is  an  unbolted  whole  corn  product.  These  nulls  are  small  and 
they  are  local  in  distribution.  Rancidity  and  infestation  are  problems 
which  limit  the  distribution  of  stone-ground  whole  corn  mea  . 

There  is  a  rather  logical  explanation  for  the  continued  existence  of  ese 
small  milling  units  in  the  corn  milling  industry.  Not  until  1906  was  there 
developed  Suitable  method  for  the  removal  of  germ  rom  he  corn 

berry.  Roller  mills  are  not  too  successful  because  of  then  ten 
break  the  corn  germ  into  very  small  pieces.  Thus,  a  new  svs 
germination  was  needed.  In  1906,  the  Beall  corn  degermmatorwh, 
answered  this  need  was  introduced  to  the  dry  corn  milling  industry. 
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The  Beall  corn  degerminator  is  still  used  in  most  of  the  div  cm n  mills 
which  produce  degerminated  corn  meal  or  corn  flour  products.  This  c  e' 
vice  is  a  cone-shaped  shell  rotating  around  a  stationary  inner  cone.  Corn 
is  fed  in  the  smaller  end  of  the  cone  and  works  its  way  down  to  the  large 
end.  During  the  passage,  the  corn  is  rubbed  between  the  stationary  cone 
and  the  rotating  cone,  both  cones  having  special  knob-like  and  auger-like 
surfaces.  During  the  rubbing,  the  corn  is  dehulled  and  the  germ  loosened 
and  knocked  out.  In  other  words,  the  Beall  degerminator  is  an  attrition 

device. 

Entoleters  can  also  be  used  for  delnilling  and  degerming.  The  Ento- 
leter  differs  from  the  Beall  in  that  it  is  an  impact  rather  than  an  attrition 
machine.  Corn  is  fed  through  a  center  opening  in  the  Entoleter  and 
falls  on  a  rapidly  rotating  disk  containing  pins  on  the  surface.  The  pins 
of  the  rotor  throw  the  corn  against  a  stationary  wall  thereby  dehulling  and 


degerming  it. 

In  either  case,  that  is  after  the  Beall  or  the  Entoleter,  the  mixture  of 
corn  endosperm,  germ  and  bran  resulting  is  sent  through  rolls  to  flatten 
the  germ  so  that  it,  along  with  the  bran,  can  be  removed  from  the  endo¬ 
sperm  by  sifting. 

Beside  the  problem  of  degerming,  another  problem  in  corn  milling  is 
the  extreme  irregularity  in  the  size  and  shape  of  the  corn  kernels  from 
the  same  ear  of  corn.  This  irregularity  is  even  greater  among  different 
types  of  corn.  Moreover,  elevators  commonly  mix  varieties  before  they 
reach  the  miller  so  that  the  different  problems  of  corn  particle  size  become 
compounded. 


As  with  other  types  of  dry  cereal  milling,  the  object  of  dry  corn  milling 
is  to  make  the  cleanest  separation  possible  of  endosperm,  bran  and  germ. 
During  this  operation,  one  wishes  to  recover  the  greatest  amount  of 
endosperm. 

Tip  caps  are  found  at  the  end  of  the  corn  germ  and  are  a  problem  pe¬ 
culiar  to  corn.  Since  they  are  an  intense  black  color,  their  presence  in  the 
corn  flour  in  small  amounts  badly  discolors  the  flour.  Tip  caps  are  to  be 

avoided  in  dry  corn  milling  and  are  removed  with  the  corn  bran  by 
aspiration. 

With  these  exceptions  which  have  been  mentioned,  dry  corn  milling 

is  in  general  like  wheat  flour  milling.  Upon  receipt,  the  corn  first  goes 

through  a  cleaning  process.  Both  dry  cleaning  and  wet  cleaning  proc- 

esses  are  used.  Tire  use  of  an  electrostatic  separator  deserves  special 
treatment.  1  1 

This  instrument  finds  particular  use  in  the  dry  corn  milling  industry 
for  the  removal  of  rat  pellets.  Because  of  the  relationship  of  the  size  and 
werght  of  corn  kernels  to  the  size  and  weight  of  rat  pellets,  separaHon  hy 
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sifting  is  difficult.  Electrostatic  separation  fortunately  works  very  well. 
Usually  the  electrostatic  separator  is  added  at  the  tail  end  of  reels  and 
disk  separators  and  just  before  the  wet  stoner  and  washer. 

After  cleaning  comes  conditioning.  Normally,  the  moisture  content  of 
the  corn  is  raised  not  to  17  per  cent  as  with  wheat  but  to  about  21  per 
cent.  This  is  done  because  the  germ  of  corn  tends  to  be  more  friable 
than  the  germ  of  wheat  and  if  it  is  too  dry  it  will  break  into  small  flour 
sized  pieces  during  degerming.  If  enough  water  is  added,  not  only  the 
bran  is  toughened  but  so  is  the  germ.  Conveyors  and  whizzers  both  add 
moisture  to  the  corn. 

Degerming  follows  the  conditioning  according  to  procedures  already 
discussed.  Following  the  degerming  (and  dehulling),  the  corn  must  be 
dried  so  it  can  be  handled  on  roller  mills  and  in  sieves.  The  moisture  is 
brought  down  to  about  15  per  cent.  Inclined  barrel  shaped  rotary  driers 
are  used  and  the  product  is  air  cooled  after  drying  in  louvered  coolers. 
At  this  point,  the  product  is  aspirated  to  remove  the  bran  and  then  is 
ready  for  the  main  part  of  the  milling  system. 

The  milling  system  consists  of  grinding,  sifting  and  classifying,  purify¬ 
ing,  aspirating  and  possible  final  drying.  The  normal  flow  is  through 
break  rolls  and  then  to  plansifters.  The  fines  go  to  the  next  break  roll 
and  the  coarse  goes  to  purifiers  and  then  to  the  germ  rolls.  The  germ 
rolls  flatten  the  germ  so  that  it  is  easily  removed  by  sifting.  The  break 
rolls  are  followed  by  reduction  rolls  which  produce  the  final  fine  flour. 

The  break  system  is  longer  in  a  dry  corn  mill  than  the  reduction  roll 
system.  This  is  quite  understandable  since  corn  flour  is  not  as  important 
a  product  as  corn  grits  or  corn  meal.  Hence,  a  long  reduction  system  is 
not  needed  to  reduce  the  size  of  the  endosperm  particles  (see  corn  prod¬ 
ucts  specifications ) . 


Careful  treatment  of  the  germ  in  the  dry  corn  milling  industry  is  ac 

_  .  .  ,  r  ii  .  --.i  nciVlo  for  c*.  plprmiru 


use  an  oil  press  to  extract  the  oil.  The  < 
is  discussed  in  a  subsequent  chapter  ar 
liere.  Several  excellent  references  au 
1955,  Neenan  1951,  and  Gehle  1937). 
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THE  MILLING  OF  RYE 

There  is  much  more  similarity  between  the  milling  of  rye  and  the  mil¬ 
ling  of  wheat  than  there  are  differences  (Blank  1958,  Prochazka  193  , 
Nottin  1945,  Mayer  1936,  and  Zwilingenieur  195,6).  In  either  case,  the 
object  is  to  produce  a  powdery  or  granular  material  from  a  cereal  grain 
by  careful  pulverizing  of  the  seed.  In  both  instances,  the  purpose  is  to 
make  the  flour  substantially  free  of  bran  and  of  germ.  The  same  basic 
type  of  machinery  is  employed.  The  novice  might  have  trouble  dis¬ 
tinguishing  a  rye  mill  from  a  wheat  flour  mill  although  the  diffeiences 
would  be  immediately  recognizable  to  one  skilled  in  the  trade. 

For  example,  one  finds  roller  mills  that  are  apparently  identical  to  the 
roller  mills  found  in  a  wheat  flour  mill.  Both  break  roller  mills  and  re¬ 
duction  roller  mills  are  employed  in  rye  as  in  wheat  flour  milling.  One 
might  expect,  however,  to  find  differences  in  the  corrugations  on  the  rolls, 
and  these  do  in  fact  exist. 

Following  grinding,  the  screening  systems  employ  plansifters  just  as 
are  found  in  a  wheat  flour  mill.  One  is  immediately  struck  by  the  fact, 
however,  that  there  is  little  evidence  of  purifiers  as  are  commonly  used 
in  wheat  flour  mills.  This  is  the  first  major  difference  between  rye  and 
wheat  flour  milling. 

The  lack  of  purifiers  is  important  since  it  immediately  indicates  that 
there  is  not  a  premium  on  the  production  of  middlings  on  the  break  rolls 
of  a  rye  mill. 

This  brings  up  a  second  and  very  basic  difference  between  wheat  flour 
milling  and  rye  flour  milling.  In  wheat  flour  milling,  the  point  is  to  make 
as  much  middlings  and  as  little  flour  as  possible  on  the  break  rolls.  In 
rye  milling,  one  tries  to  make  as  much  rye  flour  and  as  little  middlings  as 
is  possible  on  the  break  rolls.  Essentially,  this  is  done  by  applying  more 
pressure  on  the  rolls  although  the  type  of  surface  on  the  break  rolls— that 
is  the  corrugations  also  plays  a  part.  As  a  consequence,  there  are  more 
break  rolls  in  proportion  to  reduction  rolls  in  a  rye  mill  than  in  a  wheat 
flour  mill.  This  follows  since  there  are  less  middlings  that  must  be  re¬ 
duced  to  flour  particle  size  on  reduction  rolls. 

Returning  to  the  first  part  of  the  rye  milling  operation,  one  finds  here 
also  great  similarity  in  the  cleaning  house  systems  when  comparing  rye 
and  wheat  milling.  However,  because  the  cleaning  process  for  rye  is  more 
difficult  than  for  wheat,  this  cleaning  operation  must  be  more  carefullv 
controlled.  The  special  problem  with  rye  is  occasioned  by  the  fact  that 
rye  grain,  in  contrast  to  wheat,  varies  more  in  size.  It  is  because  of  this 
that  rye  is  graded  for  size  as  well  as  dockage  and  moisture.  For  example 

a  No.  1  plump  has  no  more  than  5  per  cent  thins  while  No.  3  rye  has  over 
25  per  cent  thin  grains. 
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Because  of  the  size  differences,  in  the  cleaning  house  of  a  rye  mill  there 
are  found  gravity  tables  which  separate  according  to  weight  differences. 
The  use  of  these  tables  in  a  wheat  cleaning  house  is  not  necessary  and, 
therefore,  not  found. 

Ash  and  protein  are  not  important  specifications  in  the  sale  of  rye 
flours.  Color  is  a  much  more  critical  specification.  The  granulation  of 
the  rye  flour  ( this  is  generally  called  “dress” )  is  a  second  important  cri¬ 
terion.  Flavor  is  a  third. 

This  lack  of  importance  of  ash  and  protein  is  readily  understandable. 
Rye  protein  in  contrast  to  wheat  protein  will  not  readily  form  a  gluten. 
Thus,  rye  bread  is  normally  a  blend  of  wheat  flour  and  rye  flour.  As  a 
consequence,  the  baker  is  more  interested  in  appearance  and  taste  quali¬ 
ties  of  the  rye  than  he  is  in  the  baking  quality. 


THE  MILLING  OF  DURUM 

The  method  of  milling  durum  is  similar  to  the  milling  of  wheat  but  the 
purpose  is  quite  different.  In  the  milling  of  wheat,  flour  is  the  desired  end 
product.  In  the  milling  of  durum,  middlings  are  wanted.  Consequently, 
in  a  durum  milling  system,  the  break  system-where  middlings  are  formed 
-is  emphasized,  and  the  part  of  the  reduction  system  where  flour  is 
formed  is  deemphasized  (Paige  1936  and  Ager  1912).  Reduction  for 
middling  sizing  rather  than  flour  production  is  the  desired  action. 

Durum  goes  through  the  normal  cleaning  house  and  tempering  opeia- 
tions  used  for  wheat.  Since  the  natural  yellow  color  of  durum  is  wanted 
in  the  final  middlings  (called  semolina  when  applied  to  durum  milling), 
the  job  of  the  durum  wheat  buyer  is  important.  It  is  he  who  is  responsible 
for  maintaining  constant  color  of  desirable  quality  in  the  durum  mix. 

The  tempering  of  durum  while  using  the  same  equipment  as  wheat  is 
different  in  that  the  times  used  are  relatively  less  than  oi  w  ica  .  ns 
because  of  the  desire  for  middlings  without  flour  production.  Excessive 
times  in  temper  soften  the  endosperm  making  it  easier  to  make  flom. 
Short  times  maintain  the  hard  structure  of  endosperm  which  encoui  ages 
the  production  of  endosperm  chunks.  Consequently,  short  time  tempei- 

1111 The  break  system  in  a  flour  mill  normally  numbers  four.  In  a  durum 

still  avoiding  large  amounts  of  break  flour  is 

The  rolls  in  a  reduction  system  are  used  as  sizing  rous  on  y 

i  a  r  tIipv  function  the  same  as  the  sizing  lolls  in  a 
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grinding  on  the  reduction  rolls.  In  a  durum  mill,  however,  sizing  is  done 
to  make  a  uniform  product  for  sale. 

Normally,  the  sizing  rolls  in  a  durum  mill  are  corrugated  on  their  sur¬ 
face.  If  a  mill  has  five  breaks,  it  may  have  five  .sizing  rolls.  Two  rolls 
handle  the  large  chunks,  the  rest  smaller  endosperm  particles. 

Some  durum  mills  have  several  rolls  set  aside  for  the  production  of 
durum  flour.  However,  since  this  is  not  the  primary  product  of  durum 
milling,  these  rolls  are  usually  apart  from  the  main  milling  system. 
Durum  flour  is  particularly  desired  for  noodles. 

The  sifting  system  of  a  durum  mill  differs  from  a  flour  mill  by  tbe 
heavy  reliance  on  purifiers.  Actually,  plansifters  are  little  used.  Rather, 
conventional  sieves  are  much  more  in  evidence.  These  are  used  to  make 
rough  separations  ahead  of  the  purifiers. 

The  reason  behind  the  predominance  of  purifiers  in  a  durum  mill  has 
been  discussed  in  the  wheat  flour  milling  part  of  this  chapter.  Not  only 
are  purifiers  excellent  for  the  removal  of  bran  from  middlings,  but  also 
they  are  much  more  efficient  than  plansifters  for  the  size  separation  of 
middlings.  Since  middlings  are  the  prime  product  of  durum  milling,  the 
heart  of  a  durum  milling  system  is  the  purifiers  found  in  that  mill. 

GENERAL  TESTS  EOR  CEREAL  FLOURS 


Introduction 

Each  class  of  cereal  flours  has  its  own  peculiar  yet  important  specifi¬ 
cations.  Yet,  on  the  other  hand,  there  are  certain  specifications  that  are 
common  to  all.  These  more  general  tests  are  moisture,  protein,  ash,  color, 
fiber  and  particle  size. 


Moisture 


Air  ovens  are  commonly  used  to  determine  moisture  in  flour.  Holding 

the  sample  at  266  F.  for  one  hour  using  constant  air  movement  are  the 
usual  conditions. 

In  recent  years,  a  number  of  semi-automatic  ovens  have  been  developed 
usmg  a  variety  of  heat  sources.  The  Carter  Simons  moisture  tester  and 
the  Brabender  moisture  tester  are  two  of  this  type. 

Protein 


There  is  only  one  method  of  importance  for  measuring  the  protein  con- 
tent  of  cereal  products.  Tins  is  the  time-tested  Kjeldahl  technique  In 

u'lfrufc  add  The°n  tCf  *  by  the  aPPlication  of  and  strong 

sulfuric  acid  The  nitrogen  is  converted  to  ammonia  which  forms  a  salt 

with  the  sulfuric  acid.  After  the  solution  has  cooled,  the  anZnfa t 
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released  by  adding  a  strong  base,  the  freed  ammonia  distilled  into  a  stand¬ 
ard  acid  solution  and  the  excess  acid  determined  by  back  titration. 

In  this  way,  the  amount  of  nitrogen  in  a  cereal  is  determined.  By  using 
a  factor,  the  per  cent  nitrogen  is  translated  into  per  cent  protein. 

Ash 

The  importance  of  ash  determination  will  be  discussed  in  the  flour 
specifications  part  of  this  chapter.  The  higher  the  ash,  the  more  impure 
the  flour.  Therefore,  ash  is  used  as  an  indication  of  flour  grade. 

The  principle  of  this  test  is  to  burn  the  cereal  flour  until  all  organic 
material  is  converted  to  gases.  These  are  driven  off  along  with  water. 
The  residual  materials  are  metallic  oxides.  After  cooling,  these  are 
weighed  and  the  per  cent  of  ash  is  determined. 

Normally,  this  determination  is  made  in  a  muffle  oven  at  temperatures 
between  425°  and  600  F.  The  holding  time  varies  from  a  minimum  of 
two  hours  to  overnight. 


Color 

There  are  two  ways  to  measure  the  color  of  cereal  flour.  One  is  a 
visual  examination  and  the  other  is  the  use  of  an  electronic  machine  which 
does  the  job  automatically. 

One  visual  method  is  called  the  Pekar  Color  Test.  Samples  of  the 
flour  are  placed  side  by  side  on  a  flat  glass  or  metal  plate  The  surface 
of  the  flour  is  smoothed  using  a  spatula.  The  slicks  are  then  immersed 
in  water  and  air  or  oven  dried  (wheat,  rye,  or  corn  flour)  or  examined 

unwetted  ( durum ) .  „  ,  ,  a 

The  wet  Pekar  process  intensifies  the  dark  color  of  the  o  -giac  e  outs. 

Bran  specks  are  easily  seen.  The  flours  are  graded  visually  in  comparison 
t0  Th^Kent-J ones  and  Martin  Color  Grader  is  an  automatic  instrument 

W*The  Li  ifmade  into  a  water-flour  paste.  Light  of  a  yellow  wave 

Tm.  <£  Idgher  the 

reflectance  value. 

Determination  of  Fiber 

To  determine  fiber,  it  is  necessary  to  ext‘  witli  dilute  sodium 

Carb°hydrateS  and  Pr°- 

teins  are  removed  by  filtration  and  washing. 
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Courtesy  Henry  Simon  Ltd. 

Fig.  57.  Kent-Jones  and  Martin  Flour  Color  Grader 


The  residue  is  fibei  and  minerals.  It  is  placed  in  a  tared  crucible  and 
incinerated.  The  loss  in  weight  is  equal  to  the  crude  fiber. 

Particle  Size 

There  are  four  general  methods  of  measuring  particle  size.  These  are 
sieve  analysis,  microscopic  measurements,  sedimentation  techniques  and 
air  permeation  techniques. 

Sieve  analysis  depends  upon  die  passage  of  cereal  products  through 
standard  mesh  sizes  of  graduated  size  and  under  standard  conditions 
The  per  cent  of  material  on  each  sieve  is  determined.  A  machine  called 
a  Ho-tap  ns  widely  used,  which  through  mechanized  agitation  assures 
standardized  test  conditions  for  the  sieving.  This  type  of  analysis  is 
std  for  ceieal  grains  and  for  some  cereal  products 

For  smaller  particles,  microscopes  are  often  used.  A  calibrated  eye- 


222 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


piece  is  used  when  measuring  particle  size  this  way.  A  representative 
sample  is  brought  into  the  microscopic  field  and  the  number  of  particles 
in  each  linear  range  counted. 

Sedimentation  techniques  depend  upon  Stokes  Law  which  says  that  in 
a  liquid  or  a  gas,  larger  particles  of  equal  density  settle  more  rapidly. 
Therefore,  the  amount  of  a  sample  which  precipitates  in  a  given  time  is 
measured  and  by  application  of  Stokes  Law,  the  dimensions  of  the  par¬ 
ticle  calculated.  From  these  data,  a  size  distribution  curve  can  be  drawn. 

Many  devices  are  available  using  this  principle.  The  Gallenkamp 
Particle  Size  Analyzer  is  one.  Others  are  the  Palo  Travis  Particle  Size 
Analyzer  and  the  Mines  Safety  Appliances  Particle  Size  Analyzer  ( Loska 
1958). 

Air  permeation  techniques  can  be  used  to  measure  the  particle  size  of 
cereal  products.  As  the  size  of  the  particles  becomes  smaller,  the  appar¬ 
ent  density  of  a  collection  of  them  becomes  greater.  Thus  a  given  volume 
of  small  particles  will  give  more  resistance  to  the  passage  of  a  liquid  or 
a  gas  than  will  the  same  volume  of  large  particles.  The  time  required 
for  passage  of  a  given  volume  of  gas  at  constant  pressure,  or  the  pres¬ 
sure  required  to  pass  a  given  volume  of  gas  in  a  given  time,  is  measured. 

A  satisfactory  instrument  based  upon  the  principle  of  air  permeation 
is  produced  by  the  Fisher  Scientific  Company.  This  device  is  called 
the  Sub-Sieve  Sizer  (Fig.  58). 

Fat 

The  fat  content  of  cereal  products  is  estimated  by  solvent  extraction 
procedures.  A  sample  of  well  dried  material  is  extracted  with  anhy¬ 
drous  ether  for  from  4  to  16  hours.  Next,  the  ether  is  driven  from  the 
fat  by  heat  and  the  ether-free  fat  sample  weighed.  The  percentage  of 
fat  in  the  original  material  is  calculated. 

SPECIAL  TESTS  FOR  WHEAT  PRODUCTS 


Introduction 

In  addition  to  the  general  tests  just  discussed,  there  are  several  more 
specific  tests  that  are  applied  primarily  to  the  products  ot  wheat  milling. 
These  are  protein  quality,  starch  quality,  hydrogen  ion  concentration 

baking  tests. 

Gluten  Quality 

Besides  ft.  I  .1  P~i»"  (Kjeld.1,1  «)■  ^ 
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Fig.  58.  Sub-Sieve  Sizer  for 
Particle  Size  Analysis 


Courtesy  Fisher  Scientific  Co. 


refers  to  the  complex  of  proteins  in  flour)  resist  extension  and  that  the 
gluten  dough  strands  break  before  the  extension  is  very  great.  Such 
gluten  is  wanted  for  bread.  Weak  glutens  are  easily  extended  and  can 
stretch  long  distances  (i.e,  are  plasto-elastic).  These  glutens  are  better 
for  cookies,  pastries  and  cakes.  Biscuit  flours  are  intermediate. 

In  Europe,  the  determination  of  gluten  quantity  and  gluten  quality 
is  done  at  the  same  time.  This  is  by  washing  the  gluten  from  the  flour  us¬ 
ing  an  automatic  device  (Theby  Test)  and  weighing  the  resulting  gluten 
dough  ball.  Since  water  is  present,  the  weight  of  the  dough  ball  is  greater 
than  for  the  calculated  Kjeldahl  protein.  The  dough  ball  gluten  results 
when  divided  by  three  roughly  approximate  Kjeldahl  protein  values 

The  gluten  is  suspended  in  a  lactic  acid  solution  and  shaken  The 
weaker  the  gluten  the  more  goes  into  colloidal  solution  and  the  greater 
the  solution  cloudiness.  Turbidity  measurements  are  made  on  this  la^ 
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acid-gluten  suspension.  The  values  obtained  are  related  to  gluten 
strength  (Biechy  1957). 

Gluten  strength  is  measured  on  other  types  of  special  machines.  The 
resistance  to  mixing  is  one  factor  that  can  be  measured.  The  Mixograph 
and  the  Farinograph  (Fig.  59)  are  two  machines  using  this  idea.  In 
these  devices,  the  flour  is  mixed  into  a  dough  under  standard  conditions 
and  the  resistance  to  this  mixing  procedure  with  time  is  measured.  The 
resulting  curve  is  a  measure  of  flour  strength.  The  length  of  time  in 


Brabender  Instruments  Co 


Courtesy  C.  W 


t 

0  gagfe  g 

■  |  lg3»] 

Fic.  59. 


The  Farinograph,  an  Instrument  Used  ro 
Properties  of  a  Flour 


Measure  the  Mixing 


minutes  that  it  takes  for  the  curve  to  descend  from  the  P<*k  height  to 
below  the  500  line  is  called  the  C  Dimension.  The  greater  the  C  Dimen 

"^"^‘meTm^ro/gl^n  strength.  the  extensometers  (Fig  60) 
appltbTmost  sensitive.  For  example,  the  effect  of  dough  streiigthm,. 
inc  agents  (oxidizing  compounds  such  as  bromates  am  10 
dough  weakening  agents  (reducing  agents  such  as  su  tes i  an  su  . 
drvls  or  proteolytic  enzymes)  are  easily  detected  (S'"''-  1948  - 

A  third  method  of  measuring  gluten  strength  the  MacMichael  Test  « 

related  to  the  Theby  Method.  Flour  is  suspended  m  a  weak  lactic 
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Fig.  60.  The  Extensometer— an 
Instrument  Used  to  Measure 
the  Stretching  Properties  of  a 

Dough 


Courtesy  Henry  Simon  Ltd. 


solution  and  the  gluten  allowed  to  swell.  Then,  the  resistance  of  the 
swelled  gluten  to  the  shear  in  a  spinning  bowl  is  measured  on  a  Mac- 
Michael  viscometer.  The  results  are  reported  in  degrees  MacMichael. 
he  greater  the  resistance,  the  greater  the  strength  of  the  gluten. 


Starch  Quality 


Starch  makes  up  in  excess  of  80  per  cent  of  the  flour.  The  quality  of 
s  starch,  particularly  the  degree  of  structural  damage  that  has  occurred 
in  milling,  is  of  particular  importance.  If  there  is  not  enough  damage 
enzymes  cannot  convert  the  starch  to  sugars  so  necessary  for  the  metabo 
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lism  of  yeast  during  fermentation.  Thus,  in  bread  flours,  a  degree  of 
starch  damage  is  desirable.  If  too  much  starch  damage  occurs,  the 
baking  quality  of  the  flour,  particularly  in  cakes,  cookies  and  biscuits, 
is  harmed.  Consequently,  tests  of  starch  damage  are  particularly  im¬ 
portant. 

One  such  test  determines  the  amount  of  maltose  freed  from  starch  dur¬ 
ing  the  milling  process.  In  this  test,  the  amount  of  reducing  sugars  is 
measured.  The  flour  is  buffered  and  held  at  86° F.  for  one  hour.  The 
amount  of  reducing  sugar  is  determined  with  thiosulfate  and  the  results 
expressed  as  mg.  of  maltose  in  ten  gm.  of  flour.  Results  may  vary  from 
100  to  beyond  500. 

Another  method  of  measuring  starch  damage  is  to  allow  yeast  to  fer¬ 
ment  the  flour  under  standard  conditions  and  to  measure  the  amount  of 
gas  produced.  The  amount  of  maltose  is  the  limiting  factor.  This  test 
is  called  gassing  power. 

Finally,  the  Amylograph,  an  automatic  physical  testing  unit,  is  now  in 
wide  use.  This  device  heats  a  starch-water  paste  under  controlled  condi¬ 
tions  which  involve  a  set  time  and  about  a  one  degree  F.  rise  in  tempera¬ 
ture  each  minute.  During  this  time,  the  viscosity  of  the  paste  is  being 
measured  and  automatically  recorded.  At  some  certain  point,  the  crystal¬ 
linity  of  the  starch  will  begin  to  be  disrupted  and  the  molecules  begin  to 
swell.  This  swelling  increases  the  viscosity  and  is  so  recorded.  If  the 
starch  is  mechanically  or  enzymatically  broken,  gelatinization  will  begin 
at  an  earlier  temperature  and  the  peak  viscosity  will  not  be  as  gieat. 

Hydrogen  Ion  Concentration 

Some  soft  wheat  flours,  particularly  cake  flours,  are  treated  with  gaseous 
chlorine  to  weaken  the  gluten.  In  this  reaction,  hydrochloric  acid  is 
formed.  Therefore,  the  pH  of  a  flour  suspension  can  be  used  as  a  measure 

of  chlorine  treatment. 


Baking  Tests 

The  tests  just  described  are  an  attempt  to  predict  by  chemical  a 
physical  techniques  the  baking  quality  of  a  flour.  In  the  last  analys.  . 

however,  a  baking  test  must  be  applied. 

It  is  virtually  impossible  to  standardize  on  a  baking  procedme 

accordingly.  There  can  be  no  uniformity  in  these  tests. 
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If  the  reader  wishes  some  reference  as  a  starting  point  for  a  baking 
procedure,  the  standard  baking  tests  in  the  Cereal  Laboratory  Methods 
(Anon.  1957)  are  recommended. 

SPECIFICATIONS  FOR  WHEAT  PRODUCTS 


Introduction 

There  are  two  general  classes  of  products  coming  from  a  wheat  mill. 
These  are  the  flour  and  the  millfeed.  While  percentages  vary  somewhat, 
they  hover  around  70  per  cent  flour  and  30  per  cent  millfeed.  In  turn, 
these  two  general  classes  are  subdivided  into  products  depending  upon 
the  degree  of  purity  desired.  A  list  of  these  subclasses  follows. 


70  per  cent  Straight  Flour 

Patent  flour  (less  than  70  per  cent  of  wheat) 

Clear  Hour  (residue  left  when  a  patent  flour  is  removed  from  a  straight 
flour) 

30  per  cent  Millfeed 

14  per  cent  bran  (seed  coat  material  left  after  milling  flour) 

2  per  cent  germ  (wheat  seed  embryo) 

14  per  cent  shorts  (everything  left  after  the  bran  and  germ  have  been  re¬ 
moved  from  millfeed) 


These  terms  apply  only  to  milling  in  the  United  States.  Other  terms  are 
found  in  other  countries.  Lockwood  (1952)  has  an  excellent  comparison 
of  terms  for  similar  products  as  they  exist  in  different  lands  and  so  does  the 
Miag  milling  dictionary  (Kessler  1954). 

The  terminology  for  flour  is  confusing  to  the  milling  novice.  Names 
such  as  short  patent  and  first  patent  or  first  clear  and  second  clear  are 
commonly  used.  One  needs  only  to  remember  that  all  of  the  flour  com¬ 
ing  from  a  mill  is  called  straight  flour.  If  it  is  further  purified,  it  is  sepa¬ 
rated  into  two  fractions-a  patent  flour  and  a  clear  flour.  The  better  of 
the  two  flours  is  the  patent  flour.  The  other  flour  after  the  removal  of 
a  patent  from  a  straight  flour  is  a  clear  flour. 


This  terminology  applies  to  all  types  of  flours  whether  they  be  cake, 
pastry,  cookie,  biscuit  or  bread  flours. 

The  best  measure  of  the  degree  of  refinement  of  a  flour  is  either  ash 
content  or  color.  These  are  measurements  based  upon  sound  considera¬ 
tions.  The  most  refined  flour  comes  from  the  center  of  the  wheat  berry 
and  the  least  refined  next  to  the  bran.  As  one  approaches  the  bran  coat 
durmg  milling,  bran  specks  begin  to  appear,  causing  a  discoloration  of 
the  white  flour— hence,  the  validity  of  flour  color  measurement  as  an 
indication  of  quality  (Kent-Jones  et  at  1950).  Also  as  one  approaches 
the  bran  coat  the  innermost  bran  layer,  the  aleurone  layer  is  scraped 
away.  Since  the  aleurone  layer  contains  about  60  per  cent  of  the  ash  o 
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wheat  (Shetlar  et  al.  1947),  the  ash  of  the  resulting  flour  rises  very 
sharply.  Thus,  low  grade  flours  coming  from  near  the  bran  are  high  in 
ash  and  ash  becomes  a  measure  of  flour  quality. 

Although  it  might  he  natural  to  assume  that  flours  of  the  same  degree 
of  milling  purity  would  have  the  same  uses  for  baking,  this  is  not  neces¬ 
sarily  true.  Some  wheat  flours  are  better  for  bread  and  some  are  better 
for  cakes.  Intermediate  stages  lie  between  these  two  extremes.  Most 
importantly,  these  flours  differ  in  protein  content  (Atkins  and  Geddes 
1939,  Finney  and  Barmore  1948).  In  bread,  one  wants  lots  of  tough 
elastic  gluten  since  gluten  is  the  structural  component  of  the  bread  loaf. 
In  cakes,  this  type  of  gluten  is  not  wanted.  Less  gluten  and  gluten  hav¬ 
ing  a  soft  characteristic  is  the  objective  here. 

Particle  size  is  becoming  of  more  importance  in  wheat  flours  ( Shellen- 
berger  et  al.  1950).  While  the  effect  of  particle  size  is  not  clearly  under¬ 
stood,  it  is  probably  related  to  the  starch  gelatinization  conditions  found 
in  the  particular  product  in  which  the  flour  is  to  he  used. 


Bread  Flour 

Miller  and  Johnson  list  some  27  different  tests  for  determining  the 
quality  of  a  flour  for  bread  baking  (Miller  and  Johnson  1954).  Many  of 
these  tests  measure  the  same  properties.  Individual  choices  depend  upon 
convenience,  availability  of  equipment  and  particular  relationship  to  shop 
conditions.  No  one  test  can  be  considered  best  under  all  conditions. 

In  this  section,  only  certain  of  these  many  tests  will  be  described.  The 
reader  must  recognize  that  other  tests  are  available  and  commonly  used 

to  measure  many  of  these  same  properties. 

Here,  bread  flour  is  specified  in  terms  of  six  constants.  These  are  mois¬ 
ture,  protein,  ash,  starch  quality,  protein  quality  and  particle  size. 


Table  35 

SPECIFICATIONS  FOR  BREAD  FLOUR 

Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 

Protein 

Ash 

Starch  quality 
Protein  quality 
Particle  size 

Air  oven 
Kjeldahl 

Maltose 

Farinograph 

Fisher 

14.5  Maximum 

11.5  Minimum 

0 . 50  Maximum 

450  Maximum 

7  C  Dimension,  Minimum 
20  Minimum 

Per  cent 

Per  cent 

Per  cent 

Mg.  Maltose/10  Gm.  Flour 
Brabender  Units 

Fisher  Units 

These  constants  are  based  upon  United  States  conditions  where  highly 
mechanized  bakeries  are  commonly  found.  Worker, e  in  <*he r  nat,  n 
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been  able  to  compensate  for  tills  fact  by  gluten  conditioning  in  milling 
or  by  formulating  around  this  flour  to  produce  an  acceptable  loaf  of 

bread. 

Moistures  as  high  as  16  per  cent  are  quite  common  in  Europe,  particu¬ 
larly  Northern  Europe.  This  is  because  the  combination  of  quick  usage 
and  cool  climate  minimizes  the  possibility  of  mold  growth.  But,  where 
storage  conditions  are  a  problem,  and  this  includes  most  of  the  United 
States,  it  is  clearly  established  that  14.5  per  cent  is  the  maximum  moisture 
that  can  be  tolerated  (Anderson  and  Alcock  1954). 

Cookie  Flours 

In  Europe  biscuit  flour  means  cookie  flour  whereas  in  North  America, 
biscuit  flour  refers  to  a  flour  for  a  chemically  leavened  bread.  This  speci¬ 
fication  referring  to  cookies,  therefore,  also  refers  to  European  biscuits.  A 
rather  weak  gluten  is  essential  for  good  cookie  production.  Strong  glu¬ 
tens  prevent  good  cookie  spread  and  hamper  the  molding  of  cookies  to 
a  specific  shape. 


Table  36 


SPECIFICATIONS  FOR  COOKIE  FLOURS 


Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 

Air  oven 

14  5  Maximum 

Per  cent 

Protein 

Kjeldahl 

9.5  Maximum 

Per  cent 

Ash 

0 . 44  Maximum 

Per  cent 

Starch  quality 

Maltose 

200  Maximum 

Mg.  Maltose/10  Gin.  Flour 

Protein  quality 

Mac  Michael 

50  Maximum 

MacMichael  Units 

Particle  size 

Fisher 

12-18 

Fisher  Units 

Pastry  Flours 

Pastry  flours  (such  as  pie  crust  flours)  are  related  more  to  cake  flours 
than  to  cookie  flour  in  the  sense  that  the  tendency  is  towards  a  lower 
protein.  A  weak  gluten  is  wanted. 


Cake  Flours 


Cake  flours  are  characterized  by  fine  particle  size,  low  protein  content 
and  weak  gluten.  A  special  problem  in  producing  cake  flours  is  to  get 
sufficiently  ®ne  H'""'  without  appreciable  starch  damage. 


Cracker  Flours 


Soda  crackers  such  as  are  made  in  the  United  States  are  made  from  low 
protein  flours  having  relatively  strong  gluten.  Actually,  somewhat  dif 
forent  flour  types  are  used  for  the  cracker  sponge  and  the  cracker  dougL 
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The  flour  specifications  given  here  are  a  compromise  between  the  two 
types  and  are  suitable  for  either  cracker  sponge  or  cracker  dough. 


Biscuit  Flours 

Biscuit  flours  are  used  for  making  the  baking  powder  leavened  biscuit 
common  to  the  United  States.  These  flours  are  higher  protein  products 
having  relatively  strong  gluten  characteristics. 

Wheat  Millfeed 

The  remaining  products  coming  from  a  wheat  flour  mill  are  the  bran, 
the  shorts  and  the  germ.  A  detailed  description  of  the  specifications  for 
millfeed  is  available  (Anon.  1958). 

Table  41  gives  general  specifications  for  these  products. 


BLEACHING  AND  MATURING  AGENTS 
The  author  has  left  out  of  this  discussion  the  use  of  chemical  bleach¬ 
ing  agents  and  chemical  gluten-maturing  agents.  While  such  agents  are 
allowed  in  the  United  States,  in  many  other  countries  they  are  not  and 
the  miller  must  depend  on  wheat  selection  and  physical  methods  of  glu¬ 
ten  conditioning. 

For  excellent  discussions  of  bleaching  and  maturing  agents,  the  reader 
is  referred  to  the  Kent-Jones  book  “Modern  Cereal  Chemistry”  (1957) 
and  an  article  by  Harrell  (1952). 


SPECIAL  TESTS  FOR  CORN  PRODUCTS 


Introduction 

Moisture,  particle  size, 
corn  flour  specifications, 
tests  applied  to  this  type 


fat  content  and  visual  appearance  are  important 
In  addition,  acidity  and  malt  extract  are  special 
of  product. 


Acidity  .  . 

The  acidity  of  corn  flour  products  is  important.  This  test,  w  nc  i  is  no 

.pp'm  » "»T  »»' is  r:i. S :: 

desirable  microbiological  action.  It  the  acidity  .  g 

<0  leach  the  free  fatty  acids  from  the 
flo™  This  may  be  done  by  shaking  the  corn  meal  with  benzene 

sium  hydroxide  ^s^irtion^  usin^^renolphthalein  indicator.  The  results 
are  calculated  as  per  cent  lactic  acid. 
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Table  37 

SPECIFICATIONS  FOR  PASTRY  FLOURS 


Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moiture 

Protein 

Ash 

Starch  quality 
Protein  quality 
Particle  size 

Air  oven 
Kjeldahl 

Maltose 

MacMichael 

Fisher 

14.5  Maximum 

8 . 5  Maximum 

0 . 44  Maximum 
200  Maximum 
40-50 

12-20 

Per  cent 

Per  cent 

Per  cent 

Mg.  Maltose/10  Gm.  Flour 
MacMichael  Units 

Fisher  Units 

Table  38 

SPECIFICATIONS  FOR  CAKE  FLOURS 

Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 

Protein 

Ash 

Starch  quality 
Protein  quality 
Particle  size 

Air  oven 
Kjeldahl 

Maltose 

MacMichael 

Fisher 

14.5  Maximum 

8 . 5  Maximum 

0 . 36  Maximum 

1 50  Maximum 
30-40 

12.5  Maximum 

Per  cent 

Per  cent 

Per  cent 

Mg.  Maltose/10  Gm.  Flour 
MacMichael  Units 

Fisher  Units 

Table  39 

SPECIFICATIONS  FOR  CRACKER 

FLOURS 

Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 

Protein 

Ash 

Starch  quality 
Protein  quality 
Particle  size 

Air  oven 
Kjeldahl 

Maltose 

MacM  ichael 
Fisher 

14  5  Maximum 
9 . 5  Maximum 

0 . 43  Maximum 
200  Maximum 
65-85 

15-20 

Per  cent 

Per  cent 

Per  cent 

Mg.  Maltose/10  Gm.  Flour 
MacMichael  Units 

Fisher  Units 

,  Table  40 

SPECIFICATIONS  FOR  BISCUIT  FLOURS 


Type  of 

Measurement  Test  Used 

Values 

Units  of  Measurement 

Moisture  Air  oven 

Protein  Kjeldahl 

Ash 

Starch  quality  Maltose 

Protein  quality  MacMichael 

Particle  size  Fisher 

14.5  Maximum 

8.0-10.5 

0  40  Maximum 
250  Maximum 
40-70 

12-18 

Per  cent 

Per  cent 

Per  cent 

Mg.  Maltose/10  Gm.  Flour 
MacMichael  Units 

Fisher  Units 

Table  41 

SPECIFICATIONS  FOR  WHEAT  MILLFEED 

Product  Moisture 

Protein 

Fat 

Fiber 

Per  cent 

Bran  15.0  Maximum 

Shorts  15.0  Maximum 

Germ  15.0  Maximum 

Per  cent 

14  Minimum  4 

16  Minimum  3 

25  Minimum  8 

Per  cent 

0  Minimum 
■  5  Minimum 

0  Minimum 

Per  cent 

12  Maximum 

6  Maximum 

4  Maximum 
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Malt  Extract 

Since  some  corn  flours  are  used  in  the  brewing  industry,  it  is  necessary 
to  get  a  measure  of  the  degree  of  conversion  of  starch  to  soluble  solids  as 
an  indication  of  the  amount  of  fermentable  carbohydrates.  The  determi¬ 
nation  in  question  is  called  the  malt  extract  test. 

In  this  test,  the  corn  product  is  added  to  water  and  gelatinized.  The 
gelatinized  slurry  is  brought  to  around  140n  F.,  ground  malt  is  added,  and 
the  resultant  product  is  stirred.  The  mixture  is  held  at  these  conditions 
for  a  period  of  time  to  allow  the  malt  enzyme  to  act  on  the  carbohydrate. 
The  temperature  is  then  raised  to  boiling  to  inactivate  the  malt  enzyme. 
The  solution  is  cooled,  filtered  and  the  specific  gravity  of  the  filtrate  meas¬ 
ured.  From  tables  on  the  relationship  of  specific  gravity  to  sugar  con¬ 
tent,  the  amount  of  soluble  solids  is  estimated  and  reported  as  per  cent 
conversion. 

SPECIFICATIONS  FOK  CORN  PRODUCTS 


Introduction 


The  corn  kernel  is  somewhat  unique  in  that  the  endosperm  opposite  the 
tip  of  the  kernel  is  quite  soft  while  the  other  parts  of  the  corn  seed  endo¬ 
sperm  are  hard.  When  ground,  the  soft  portion  easily  breaks  into  flour 
(called  soft  flour)  while  the  rest  of  the  corn  endosperm  stays  as  larger 
pieces.  These  larger  pieces  can  be  classified  according  to  size  or  ground 

into  flour.  Such  flour  is  called  sharp  flour. 

The  yield  of  endosperm  products  in  corn  milling  varies  between  65  and 
70  per  cent.  The  residual  is  bran,  germ  and  shorts.  These  are  combined 
to  produce  a  product  for  animal  feeding  called  hominy  feed. 

Before  the  germ  is  added  to  the  hominy  feed,  however,  the  valuable 
corn  oil  in  it  is  removed  by  expression  and  the  use  of  filter  presses  ( Stiver 
1955)  Thus,  the  germ  in  corn  millfeed  is  a  defatted  product. 

Classified  by  size,  the  products  of  corn  milling  are  these: 

^  ..  6  to  16  USBS  Sieve 


Meals 

Coarse 

Medium 

Cones 

Flours 

Sharp 

Soft 


16  to  24  USBS  Sieve 
24  to  40  USBS  Sieve 
40  to  70  USBS  Sieve 

70  to  100  USBS  Sieve 
70  maximum  USBS  Sieve 


Soft  Corn  Flour  , 

This  flour  comes  mostly  from  the  end 
and  lies  between  the  flinty  endosperm  and  the  1ml  It  ,s  separate 

the  meals  and  grits  by  sieving  the  early  break  pro  u 
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Table  42 

SPECIFICATIONS  FOR  SOFT  CORN  FLOUR 

Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 
Particle  size 
Fat  content 
Acidity 
Appearance 

Air  oven 
Screens 

Ether  extract 
Fatty  acids 
Visual 

14.5  Maximum 

70  Maximum 

2.0  Maximum 

1  . 0  Maximum 
Normal 

Per  cent 

USBS'  Sieves 

Per  cent 

Per  cent  as  Lactic  acid 

i  United  States  Bureau  of  Standards. 


Sharp  Corn  Flour 

This  flour  is  produced  by  grinding  to  the  proper  size  the  flinty  endo¬ 
sperm  particles  that  come  from  the  early  break  rolls  and  bolting  the 
product  to  take  out  the  flour-like  material.  The  specifications  are  similar 
to  those  of  the  soft  corn  flours,  but  the  feel  of  the  product  is  harsh  rather 
than  soft.  This  is  caused  by  the  sharp  edges  of  the  flour  particles  in  con¬ 
trast  to  the  rounded  edges  of  the  soft  flour  particles.  Hence,  the  name 
sharp  flour. 


Table  43 


SPECIFICATIONS  FOR  SHARP  CORN  FLOUR 


Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 

Air  oven 

14.5  Maximum 

Per  cent 

Particle  size 

Screens 

70  to  100 

USBS1  Sieves 

Fat  content 

Ether  extract 

1  . 25  Maximum 

Per  cent 

Acidity 

Fatty  acids 

1  .0  Maximum 

Per  cent  as  Lactic  acid 

Appearance 

Visual 

Normal 

1  United  States  Bureau  of  Standards. 


Cones 

This  product  is  similar  to  the  sharp  flour  except  that  it  is  coarser.  It 
has  the  same  feel  to  the  touch  as  does  the  sharp  flour. 

Cones  is  often  used  by  the  brewing  industries  and  is  used  where  the 
dust  from  flours  must  be  avoided  in  other  food  industries. 


Table  44 

SPECIFICATIONS  FOR  CONES 


Type  of 

— - - - 

Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 
Particle  size 
Fat  content 
Acidity 
Appearance 

1  United  States  Bur 

Air  oven 

Screens 

Ether  extract 
Fatty  acids 
Visual 

eau  of  Standards. 

14.5  Maximum 
40-70 

1 . 25  Maximum 

1  0  Maximum 
Normal 

Per  cent 

LfSBS1  Sieves 

Per  cent 

Per  cent  as  Lactic  acid 
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Corn  Meals 

Corn  meal  is  a  product  somewhat  smaller  than  corn  grits  but  still  much 
coarser  than  a  corn  flour.  Its  chief  use  is  for  table  consumption.  In  these 
cases,  white  corn  products  are  used  more  often. 

Corn  meals  are  used  to  make  gelatinized  corn  flour.  Such  flours  find 
their  way  into  industrial  as  well  as  food  uses. 


Table  45 


SPECIFICATIONS  FOR  CORN  MEAL 


Type  of 
Measurement 

Test  Used 

Values 

Units  of  Measurement 

Moisture 

Air  oven 

14.5  Maximum 

Per  cent 

Particle  size 

Screens 

16  to  40 

USBS1  Sieves 

Fat  content 

Ether  extract 

1  . 5  Maximum 

Per  cent 

Appearance 

Visual 

Normal 

1  United  States  Bureau  of  Standards. 


Corn  Grits 

Grits  of  screen  sizes  such  as  numbers  8,  10  and  12  are  made.  These 
products  are  used  by  breweries  to  make  alcoholic  products  by  fei  menta¬ 
tion.  Each  brewery  has  its  own  particle  size  desires.  To  change  this 
would  change  the  brewing  conditions  which  are  based  upon  definite 
cooking  times  and  temperatures  using  predetermined  formulas.  Thus, 

close  attention  is  paid  to  particle  size. 

Visual  inspection  is  important  in  these  grit  products  since,  with  such 
coarse  materials,  it  is  hard  to  remove  adventitious  substances  by  sifting 

While  formerly  only  white  com  was  used  for  the  production  ol  corn 
grits,  the  corn  milling  industry  is  turning  to  cheaper  yellow  corn.  The 
brewers'  antagonism  to  this  type  of  grits  largely  disappeared  during  World 

War  II. 

Pearl  Hominy 

This  product  is  sometimes  called  number  four  grits  because  it  wi 
pass  through  a  number  four  screen  but  will  remain  on  top  of  any  finer 
screen.  Its  use  is  for  the  production  of  breakfast  cereals.  Normally,  this 
nroduct  is  made  from  white  corn  and  not  from  yellow  corn. 

P  Visual  inspection  is  of  great  importance.  Freedom  from  foreign  pc  - 

tides  such  as  yellow  corn,  soybeans  and  insect  refus£  “  "“(“^foreign 

f"rthur  r es  0"  th°e  “r* ^  Lb.  ^ 

"ui,^  avoidance  depends  upon  good  milling  prac- 

tice  and  quality  control  by  visual  appearance. 
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Table  46 


SPECIFICATIONS  FOR  CORN  GRITS 


Type  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Moisture 

Particle  size 

Fat  content 

Starch  conversion 
Appearance 

Air  oven 
Screens 

Ether  extract 
Extract 

Visual 

14.5  Maximum 

4  to  1 6 

1  .0  Maximum 

80  Minimum 

Less  than  1  per  cent  hull 

Per  cent 

USBS1  Sieves 

Per  cent 

Per  cent 

1  United  States  Bureau  of  Standards. 

Table  47 

SPECIFICATIONS  FOR  PEARL  HOMINY 


Type  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Moisture 

Air  oven 

14.5  Maximum 

Per  cent 

Particle  size 

Screens 

31/ 2—4 

USBS1  Sieves 

Fat  content 

Ether  extract 

0.75  Maximum 

Per  cent 

Appearance 

Visual 

Less  than  1  per  cent  hulls 

1  United  States  Bureau  of  Standards. 


Table  48 


SPECIFICATIONS  FOR  HOMINY  FEED 


Moisture 

Protein 

Ash 

Fiber 

Fat 

Hominy  Feed 

Per  cent 
15.0  Max. 

Per  cent 
10.0  Min. 

Per  cent 
2.9  Max. 

Per  cent 

6 . 0  Max. 

Per  cent 

5 . 5  Min. 

Hominy  Feed 

Corn  millfeed  is  sold  as  one  product,  hominy  feed.  Hominy  feed  is 
a  combination  of  corn  bran,  corn  shorts  and  defatted  corn  germ.  It  is 
used  in  animal  feeding. 


SPECIFICATIONS  FOR  RYE  PRODUCTS 

Introduction 

The  overriding  consideration  in  rye  flour  specifications  is  the  fact  that 
the  Proteln  content  is  not  of  great  importance  even  though  the  product  is 
used  for  baking  Rye  protein  does  not  form  a  gluten  in  the  sense  that 
w  leaf  protein  does.  In  fact,  most  rye  bread  contains  some  portion  of 
wheat  flour  in  order  to  produce  a  good  looking  loaf  of  bread.  Usually 
this  addition  of  wheat  flour  exceeds  50  per  cent 

Secondly,  rye  is  the  natural  habitat  for  ergot.  The  fungus  ergot  is 
quite  poisonous.  Therefore,  there  is  a  limitation  on  the  amount  of^rgot 
hat  can  be  tolerated  in  the  rye  grain.  This  limitation  has  been  mfn 
tioned  when  discussing  the  specifications  for  rye  seed. 
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The  important  factors  in  the  milling  of  rye  are  dress,  color  and  flavor. 
By  dress,  the  rye  miller  is  referring  to  the  granulation  of  the  product. 

Rye  is  sold  in  all  degrees  of  granulation.  In  Europe,  whole  rye  is  used 
as  such  in  the  production  of  pumpernickel  bread.  In  this  case,  the  bread 
is  made  by  a  long  steaming  process  in  order  to  gelatinize  the  rye  kernel 
and  thus  to  make  it  edible.  In  the  United  States,  pumpernickel  bread  is 
made  from  a  very  coarsely  ground  rye  meal.  Much  rye  is  sold  as  a 
cracked  rye  or  a  chopped  rye  on  which  there  has  been  little  milling 
except  to  break  the  rye  kernel. 

However,  most  rye  is  sold  in  two  grades.  One  grade  is  rye  meal  and 
the  other  is  rye  flour.  Rye  milling  yields  SO  per  cent  of  endosperm  prod¬ 
uct  (flour  or  meal)  and  about  20  per  cent  millfeed. 

White,  Medium  and  Dark  Rye  Flour 

It  is  difficult  to  generalize  on  the  information  about  rye  specifications. 
The  data  in  Table  40  hold  for  the  United  States  but  may  not  be  typical  for 
the  world,  particularly  the  European  market. 


Table  49 

SPECIFICATIONS  FOR  WHITE  RYE  FLOUR 


Type  of 
Measurement 

Test  Used 

Values 

Units  of 

Measurement 

Moisture 

Ash 

Color 

Protein 

Air  oven 
Muffle  oven 
Pekar 
Kjeldahl 

14.5  Maximum 
0.58-0.78 

White 

7 . 0-9 . 1 

Per  cent 

Per  cent 
Comparison 
Per  cent 

Table  50 

SPECIFICATIONS 

for  medium  rye  flour 

— 

Type  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Moisture 

Ash 

Color 

Protein 

Air  oven 
Muffle  oven 
Pekar 
Kjeldahl 

14.5  Maximum 
1.11-1.39 

Medium  white 
10.1-12.8 

Per  cent 

Per  cent 
Comparison 
Per  cent 

Table  51 

SPECIFICATIONS  FOR  DARK  RYE  FLOUR 


Units  of 


Type  of 
Measurement 

Test  Used 

Values 

Measurement 

Moisture 

Ash 

Color 

Protein 

Air  oven 
Muffle  oven 
Pekar 

Kjeldahl 

14  5  Maximum 
2.05-2.83 

Dark 

13.7-16.2 

Per  cent 

Per  cent 

Comparison 

Per  cent 
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These  figures  indicate  that  there  are  three  grades  of  rye  flour-white, 
medium  and  dark.  The  white  flour  is  the  purest  grade  and  comes  from 
the  first  break  rolls.  As  the  rye  proceeds  through  the  milling  system,  the 
purity  goes  down  as  indicated  by  higher  ash  and -deeper  color.  On  the 
other  hand,  the  typical  rye  flavor  increases  also.  Therefore,  these  darker 
fractions  should  not  necessarily  be  thought  of  as  unwanted  products. 
Actually,  their  flavor  and  dark  color  are  to  be  desired. 

Relating  rye  milling  to  wheat  milling,  the  white  rye  flour  is  a  patent 
grade,  the  medium  rye  flour  is  a  straight  grade  and  the  dark  rye  flour  is 
a  clear  grade.  The  high  ash  indicates  that  most  of  the  rye  bran  is  ground 
and  finds  its  way  into  rye  flour  rather  than  rye  millfeed. 

Rye  Meal 

Rye  meal  is  sold  on  a  granulation  specification.  There  are  numerous 
varieties  ranging  from  fine  rye  meal  to  the  coarse  meal  sold  for  pumper¬ 
nickel.  Examples  of  the  size  distributions  of  the  two  extremes— the  fine 
and  the  coarse— are  shown  in  the  next  table. 


Table  52 

SIZE  CLASSIFICATIONS  FOR  COARSE  AND  FINE  RYE  MEAL 


USBS1 

Sieves 

Pumpernickel 
Rye  Meal 

Fine  Rye 

Meal 

On  8 

30 

10 

On  20 

46 

40 

On  40 

14 

20 

On  60 

5 

5 

Thru  60 

5 

25 

1  United  States  Bureau  of  Standards. 

Rye  Millfeed 

The  offals  of  the 

rye  milling  are  sold  as  middlings  onlv. 

A  bran  product 

is  not  marketed. 

Table  53 

SPECIFICATIONS  FOR  RYE  MILLFEED 

Product 

Moisture 

Fat 

Fiber 

Ash 

Per  cent 

Middlings  15.0  Max. 

Per  cent 

4  5  Max. 

Per  cent 

8 . 2  Max. 

Per  cent 

6 . 0  Max. 

SPECIMCATIONS  FOR  DURUM  PRODUCTS 

Introduction 


Durum  milling,  like  rye  milling,  differs  from  wheat  milling  in  a  lack  of 
concern  about  protein  content  of  the  products.  Actually,  the  durum 
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crops  are  usually  so  limited  that  the  durum  miller  has  to  take  what  nature 
offers.  This  is  not  to  intimate  that  protein  is  not  of  some  importance  in 
the  production  of  alimentary  pastes.  It  is  rather  that  protein  is  an  un¬ 
controllable  factor.  Not  only  quantity  but  protein  quality  is  important. 
Normally,  the  protein  content  is  somewhere  above  eleven  per  cent  for 
the  durum  products.  The  ash  content  is  high  since  the  durum  wheats 
are  hard  and  are  tempered  lightly  to  give  coarse  granulations.  The  ash 
content  of  a  durum  flour  which  is  the  equivalent  of  a  patent  wheat  flour 
would  be  above  0.60  per  cent. 

In  durum  milling,  the  millfeed  products  are  similar  to  wheat  milling. 
Bran,  shorts  and  germ  are  made.  The  yields  of  endosperm  products  run 
between  70  and  75  per  cent  with  the  residual  being  millfeed  products. 

The  durum  endosperm  products  are  divided  according  to  size.  The 
coarsest  middling  products  are  called  semolina.  The  next  smaller  goods 
are  sold  as  granular  products  and  the  finest  material  as  durum  flour. 

Semolina 

The  important  specifications  for  semolina  are  color,  ash,  granulation 
and  per  cent  flour. 

Flour  is  defined  as  anything  finer  than  a  100-mesh  screen.  Three  per 
cent  flour  is  about  the  most  that  is  tolerated. 


Granular  Product 

There  are  many  grades  of  granular  product.  The  only  restriction  is 
that  the  product  contain  not  more  than  15  per  cent  durum  flour.  Granu¬ 
lations  vary.  The  ash  generally  runs  higher  than  semolina,  being  about 

0.72  per  cent  maximum. 


Durum  Flour 

Semolina  and  granular  product  go  into  macaroni  and  spaghetti  goods. 
Durum  flour,  which  is  used  for  noodles,  is  generally  defined .  u  any -ma¬ 
terial  which  will  pass  through  a  No.  100-mesh  sieve.  .  Actually  the  prod 
uct  as  it  is  made  today  contains  much  material  which  stays  1 

a  Z' TateSforeansh  is  wide.  This  is  in  accordance  with  good  commer¬ 
cial  practice  since  durum  flours  may  come  from  any  p ;  ace  in 
.  *  jf  tLe  color  and  granulation  properties  are  satisfactory,  as 

"  of  secondary  importance.  Methods  for  measuring  color  were 
described  by  Matz  and  Larsen  ( 1954). 

Durum  Millfeed  ,  ,  .  This 

In  a  botanical  sense,  durum  is  closely  re'atec  to ^  neat w  d  ing 
might  be  inferred  when  they  were  classed  together  when 
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cereal  grain  specifications.  This  relationship  is  also  indicated  when  con¬ 
sidering  millfeed  products.  There  is  a  striking  similarity  in  the  specifi¬ 
cations. 


Table  54 


SPECIFICATIONS  FOR  DURUM  SEMOLINA 


Type  of 
Measurement 

Test  Used 

Values 

Unit  of 
Measurement 

Color 

Ash 

Granulation 

Pekar 

USBS  Sieves 

Yellow1 

0 . 69  Maximum 

On  30 ;  4 

On  40;  20  to  40 

On  50;  25  to  30 

On  70;  20  to  30 

On  100;  10  to  20 

Through  100;  3  Maximum 

Comparison 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

■Absence  of  bran  specks  is  important. 

Table  55 

SPECIFICATIONS  FOR  DURUM  FLOUR 

Type  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Color 

Ash 

Granulation 

Pekar 

USBS  Sieve 

Light  yellow1 

0.60  to  0.72 

On  100;  25  Maximum 

Through  100;  75  Minimum 

Comparison 

Per  cent 

Per  cent 

Per  cent 

1  Absence  of  bran  specks  is  important. 

Table  56 

SPECIFICATIONS  FOR  DURUM  MILLFEED 

Product 

Moisture 

Protein  Fat 

Fitcr 

Bran 

Shorts 

Germ 

Per  cent 

15.0  Max. 

15.0  Max. 

15.0  Max. 

Per  cent  Per  cent 

14.0  Min.  4.0  Min. 

16.0  Min.  3.5  Min. 

25.0  Min.  8.0  Min. 

Per  cent 

12  0  Max. 

8  0  Max. 

4 . 0  Max. 
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CHAPTER  10 


L.  A.  Rumsey 


Commercial  Baking  Procedures 


INTRODUCTION 

Bakers’  breads  and  an  ever  increasing  variety  of  baked  foods  must  now 
compete  for  the  consumers’  choice  with  all  the  other  convenience  foods 
to  be  found  on  the  grocer’s  shelves.  These  foods,  in  almost  unlimited 
variety,  have  all  been  processed  and  packaged  for  extended  keeping 
qualities  and  to  preserve  their  natural  flavors.  Many  of  them  are  en¬ 
riched  with  additional  vitamins  and  minerals  for  greater  nutritional  values. 

While  the  commercial  production  and  sale  of  breads  and  other  bakery 
products  have  developed  side  by  side  with  the  industrialization  of  many 
other  foods,  the  baking  process  exhibits  the  peculiar  anomaly  of  being  at 
one  and  the  same  time  an  ages-old  art  and  a  modern  science. 

The  Egyptians  are  credited  with  noting  the  accidental  seeding  ol 
doughs  with  air-borne  spores  or  yeast  cells  and  the  consequent  leavening 
of  those  doughs  into  lighter,  more  edible  breads.  The  propagation  o 
that  fennentation  system  and  the  improvement  of  methods  for  its  control 
became  the  basis  for  the  bread  bakers’  art  down  through  the  centuries 

After  thousands  of  years  of  baking  and  its  development  into  a  universal 
art  in  home  and  market  place,  our  knowledge  of  the  fundamental  princi¬ 
ples  of  the  process  is  a  comparatively  recent  acquisition,  and  it  is  sti 

fr°Uke°so Pmany  of  our  new  or  modified  food  processes,  the  development 
of  baking  science  had  to  await  the  discoveries  of  such  pioneers  m  scien 
a  Lavoisier,  Liebig,  Leeuwenhoek,  and  Pasteur  toward  the  end  of  the 
i  .  intrn  ( 19211  of  England  was  one  of  the  tireless  ex 

yeast  fermentation  to  breads  -  rjarnegie  Institute, 

and  1943)  at  Manhattan,  Kansas,  Osborne  (  )»  -  .1  rs 

anC  ,  i  t>  -io,r  / 109=5  and  1944)  at  Minneapolis,  among  otm  , 
Pittsburgh,  and  Bailey  (1925  and  u  d  b_ 

= JEKSS3  E1— "■»" — 

beginning  of  scientific  control 

SEY  „  Director,  Baking  Industry  Program,  The  Florida  Slate  University. 
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but  believed  that  only  long  and  arduous  experience  would  suffice  for  a 
knowledge  of  dough  fermentation.  Consequently,  in  spite  of  the  de¬ 
velopment  of  new  bread  making  machinery  for  almost  every  step  in  the 
process,  those  in  charge  of  production  were  handicapped  by  each 
seasonal  fluctuation  or  milling  variation  in  the  flours  they  used. 

With  the  advent  of  the  machine  age,  all  industries  benefited  by  the 
application  of  new  machine  design,  especially  when  steam  power  gave 
way  to  electric  motive  power  that  could  be  applied  to  individual  machines. 
In  the  case  of  the  baking  process,  practically  every  mechanical  develop¬ 
ment  designed  to  substitute  the  machine  for  hand  work  imposed  modifi¬ 
cations  of  the  dough  to  some  degree  in  order  for  the  machine  to  handle 
it  satisfactorily.  Therefore  the  “almost”  automatic  baking  factory  of 
today  has  imposed  many  variations  in  the  dough  making  process  and  con¬ 
sequently  in  the  finished  baked  products.  Because  of,  or  in  spite  of,  these 
changes  in  mechanical  handling,  the  present  products  of  the  baking 
industry  are  now  much  better  than  the  old  in  uniformity,  tastefulness, 
and  nutritional  value. 


Fortunately,  consumer  acceptance  of  the  bakers’  products  during  the 
early  1900  s  followed  the  convenience  of  more  general  distribution  through 
the  giocery  stores.  The  added  convenience  of  wrapped  and  sliced 
bread  together  with  the  practices  of  better  sanitation,  which  followed  by 
a  few  years  the  economic  and  social  changes  resulting  from  the  first 
World  War,  speeded  the  growth  of  larger  baking  companies.  Discovery 
of  profit  potentials  by  the  bankers  of  the  early  1920’s  led  inevitably  to 
financing  of  combinations  of  individual  plants  with  the  consequent  forma¬ 
tion  of  large  corporations.  These  corporate  entities,  operating  many 
plants  in  different  markets  and  having  the  economic  advantages  of 
centralized  control  and  purchasing  power,  were  soon  to  feel  the  compe¬ 
tition  of  another  form  of  organized  baking  group,  the  chain  store  bakeries 

arge  Plant  could  Produce  and  distribute  breads  to  many  chain  store 
outlets  in  the  surrounding  marketing  areas  through  their  own  established 
warehouse  and  trucking  system,  with  a  large  saving  over  the  regular  sales 
and  delivery  cost  of  the  independent  or  corporation  bakers  Beside 

. -  *  - 

and  in  the  technical  service  „ ,  P  Wy  Semce  organizations 

distributors  of  machinery,  flo  ‘ 
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Men  trained  in  cereal  chemistry  and  in  associated  food  sciences  began 
to  be  sought  to  spread  the  word  of  technical  baking  knowledge  and  lead 
in  the  production  of  better  products  and  in  better  production  control. 

The  stimulus  of  World  War  I  to  scientific  knowledge  brought  new 
candidates  in  the  sciences  by  the  thousands  to  our  colleges  and  univer¬ 
sities.  Of  these,  the  relatively  few  advanced  students  in  cereal  chemistry 
and  baking  technology  were  absorbed  in  the  baking  and  allied  indus¬ 
tries  where  they  continued  the  study  of  baking  science  and  the  develop¬ 
ment  of  new  products  and  better  methods.  The  American  Institute  of 
Baking  was  organized  by  the  American  Bakers  Association  in  1919  to 
serve  the  industry  and  help  teach  the  fundamental  principles  of  baking. 
The  American  Institute  of  Baking  was  an  addition  to  the  several  trade 
schools  then  offering  short  courses  of  training  in  the  baking  field.  Stimu¬ 
lation  and  more  active  support  of  research  in  cereal  technology  by  the 
industry  resulted  in  new  knowledge  for  better  control  of  the  baking 
process  and  improvement  of  the  products  therefrom.  Fundamental  re¬ 
search  was  simultaneous  in  many  other  fields  that  contributed  significantly 
to  baked  foods. 

The  phenomenal  advances  in  biochemistry,  physical  chemistry,  food 
technology  and  nutrition  during  the  years  since  1900  have  revolutionized 
the  baking  industry  through  application  to  the  economies  and  controls 
of  production.  Wheat  culture  studies  in  the  agricultural  experiment 
stations  of  many  states  paced  the  development  of  new  strains  of  wheat 
better  suited  to  special  requirements  of  flours  for  a  variety  of  cereal  foods, 
from  breads  to  macaroni.  Mill  chemists  showed  the  way  to  blend  and 
mill  wheats  from  different  growing  areas  and  with  somewhat  diverse 
baking  values  into  a  flour  that  could  be  duplicated  for  more  uniform 
baking  use.  Analytical  and  mechanical  testing  methods  were  worked  out 
as  an  approach  to  specifications  for  and  control  of  ingredients. 

There  were  only  a  few  scientists  in  the  bread  making  field  in  the  early 
1920’s  but  they  had  a  profound  influence  on  the  development  of  baking 
technology  Also  influential  were  the  few  individuals  whose  engineering 
skill  and  imagination  led  the  industry  toward  more  modern  automation 
in  bakery  production.  And  it  is  here  that  science  must  take  over  from 
the  so-called  practical  operator  to  maintain  control  or  the  PhVsl0*e™ 
and  biochemical  processes  that  make  up  the  mass  production  of  baked 
products  of  uniformly  high  quality  and  nutritive  values. 

THE  BREAD  MAKING  PROCESS 

“Wheat  is  unique  among  all  other  cereals  in  that  its  milled  product 
flour,  is  alone  capable  of  forming  a  dough  that  will  retain  tha  ^evokd 
during  fermentation  and  upon  baking  yield  a  light  well  aerated  bread 
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i  Pvier  1952)  Wheat  Hour,  being  the  selectively  ground  and  sifted  par¬ 
ticles  of  the  wheat  seed,  may  be  considered  as  a  complex  biological  system 
of  proteins,  carbohydrates,  fats  and  minerals  in  which  the  normal  life 
process  has  been  interrupted.  The  natural  biological  tendencies  with 
which  the  seed  was  endowed,  such  as  the  enzyme  reactions,  continue  to 
function  to  a  degree  modified  by  the  moisture  content,  temperature,  pH, 
time,  and  some  of  the  other  constituents  of  the  bread  formula.  These 
other  constituents  are  in  turn  further  acted  upon  and  modified  by  the 
fermentation  system  of  the  yeast  in  the  dough.  Since  this  heterogeneous 
mixture  of  actions  and  reactions  does  not  lend  itself  to  simple  separation 
for  the  purposes  of  study  and  analysis,  many  parts  of  the  process  ai  e  as 
yet  poorly  understood.  We  therefore  simplify  the  problem  in  ordei  to 
explain  the  resultant  product,  namely,  the  dough  when  it  is  ready  for 
baking  into  a  desirable  loaf  of  bread. 

A  word  picture  of  the  bread  baking  process  as  it  has  been  developed  in 
commercial  practice  in  the  United  States  should  be  sufficient  to  properly 
identify  the  fundamental  principles  involved. 

Ingredients 

The  following  can  be  regarded  as  a  typical  straight  dough  formula  for 
white  pan  bread.  Ingredient  percentages  are  given  in  terms  of  flour 
weight  at  100  per  cent,  which  is  the  traditional  method  of  expressing  bread 
formula  weights  in  the  bakery. 


Flour . 

Water  . 

Yeast . 

Yeast  food . 

Malt  . 

Salt  . 

Sugar . 

Skim  milk  solids  . 

Shortening  . 

Enrichment  tablet 


Flour  Basis,  Per  cent 

100. 

65.  (variable) 

2. 

0.25  to  0.50 
0.5 

9 

6. 

6. 

4. 

i 


'  Enrichment  tablets  are  supplied  with  vitamin  and  mineral  content  suitable  to  brine 
the  finished  bread  up  to  Federal  requirements  for  enriched  bread. 

Other  additives  may  be  and  are  frequently  used  in  commercial  bread 
formulas.  These  may  be  in  the  form  of  additional  enzyme  materials 
containing  oxidases,  or  amylases  and  small  amount  of  proteases.  Mono- 

and  di-glycerides  are  commonly  added  as  emulsifiers  for  finer  grain  and 
texture  and  longer  shelf  life  (softness). 

In  actual  practice,  there  has  been  a  trend  in  modern  bakery  operation 


246 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


Fig.  61.  Bulk  Flour  from  the  Mill  Is  Flowed  in  and  out  of  Storage  by 

Pneumatic  Pressure 

The  two  steel  bins  in  the  pneumatic  bulk  flour  system  shown  here  have  capacities 
of  20,000  lbs.  and  40,000  lbs.  of  flour,  respectively. 


to  add  other  ingredients  for  specific  purposes  and  to  increase  the  amounts 
of  sugar  and  shortening  in  the  bread  doughs.  The  American  public  has 
shown  a  preference  toward  sweeter  breads  (those  with  considerable 
residual  sugars)  and  the  percentage  added  to  the  formula  has  slowly 
climbed  for  years  until  now  many  breads  are  made  with  eight  per  cent 

sugar. 


Flour  Supply  and  Storage 

Wheat  flours  of  suitable  baking  strength  and  milled  to  approximate 
specifications  are  shipped  to  the  bakery  from  mills  in  various  parts  of  the 
country  These  flours,  in  one  hundredweight  bags,  or  in  bulk,  aie  stole 
in  the  bakery  under  normal  conditions  of  circumambient  temperatures 
and  humidity.  It  was  previously  the  bakers  practice  to  ho  c  le  new  on 
for  four  to  six  weeks  of  storage  to  allow  it  to  go  through  the  sweat.  That 
was  a  process  of  respiration  and  oxidation  of  the  flour  particles  with  the 
release  of  moisture  during  which  time  the  doughs  performed  abnormally 

zkztsi.'z.’tx rjfifrs*1— £ 
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Courtesy  of  Baker  Perkins  Co. 

Fig.  62.  A  Mixer  for  Bread  Dough 

This  stationary  bowl  mixer  discharges  1600  lbs.  of  mixed  dough  into  the 
dough  trough  for  transfer  to  the  make-up  machinery. 

flour  from  mill  to  air-slide  bulk-flour  car  or  truck,  and  repetition  of  that 
aerating  action  three  or  four  times  from  car  to  bakery  site  or  storage  bin, 
again  fiom  the  bins  through  sifters  and  into  the  mixer  hoppers,  apparently 
completes  the  biological  activity  of  sweating.  Thus  the  need  for  con 
ventional  six  weeks  of  storage  in  the  bakery  has  been  eliminated  by  bulk 
hand  mg.  The  application  of  tempered,  conditioned  air  and  adequate 
ventilation  to  flour  storage  areas  has  not  been  general  in  new  plant  design 
but  is  gaining  in  practice. 


Mixing  Principles 

Basically,  mixing  a  bread  dough  consists  of  adding  65  to  70  per  cent 
of  water  to  each  100  lbs.  of  flour,  and  about  2  to  2|  per  cent  of  freTh 
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(compressed)  yeast,  with  enough  sugar  to  facilitate  vigorous  yeast  fer¬ 
mentation.  About  two  per  cent  of  salt  is  used  to  help  control  gluten 
hydration  and  for  flavor.  Two  to  four  per  cent  of  shortening  such  as  lard 
or  other  semisolid  fat  is  added  to  improve  the  tenderness  and  texture  of 
the  dough  and  the  finished  bread.  The  shortening  is  considered  as  a 
lubricant  only,  but  plays  an  important  role  during  the  early  stages  of 
baking  in  better  control  of  cell  wall  porosity  and  structure,  with  resultant 
tenderness  of  crust  and  crumb.  These  percentage  figures  are  all  based  on 
flour  weight. 

The  mixing  machine  consists  of  a  steel  bowl  with  rotating  arms  which 
have  the  effect  of  thoroughly  incorporating  the  ingredients  while  stretch¬ 
ing,  pulling,  and  rolling  the  dough  to  hydrate  and  develop  the  gluten  of 
the  flour  to  the  point  where  it  is  soft  and  pliable  and  ready  for  the  con¬ 
tinuing  action  of  the  yeast  fermentation.  Bakery  mixers  are  used  in  all 
sizes  from  a  capacity  of  200  or  400  lbs.  up  to  1600  lbs.  of  dough.  High 
speed  dough  mixers  with  horizontal  bowls  operate  at  speeds  of  the  mix¬ 
ing  arms  usually  of  30  and  60  or  40  and  80  r.p.m. 

For  best  results  in  mixing  and  subsequent  fermentation,  the  dough 
temperatures  are  controlled  usually  between  78  and  80  F.  Mixing  bowl 
temperatures  are  controlled  by  circulating  cold  water  oi  refrigerant 
through  the  jacket  surrounding  the  bowl.  Considerable  power  is  required 
to  thoroughly  mix  a  dough  against  the  resistance  of  the  gluten,  and  tem¬ 
peratures  build  up  rapidly  in  mixing  unless  controlled. 


Straight  Dough  Mixing  Process 


The  straight  dough  method,  where  all  ingredients  are  incorporated 
and  mixing  completed  in  8  to  15  minutes,  depending  upon  the  protein 
quality  of  the  flour,  is  preferred  in  some  bakeries  where  shorter  fermenta¬ 
tion  time  is  desirable,  and  where  critical  fermentation  conditions  can 
be  more  accurately  controlled  and  timed.  The  mixed  straight  dough 
is  transferred  (dumped)  from  the  mixer  into  a  steel  dough  trough  of  suit¬ 
able  size  to  contain  the  dough  and  moved  into  a  fermentation  room  or 
cabinet  while  it  ferments  and  is  expanded  to  several  times  the  ongina 


volume  by  the  action  of  yeast  fermentation.  .  ,  ,  , 

The  fermentation  time,  temperature,  and  expansion  of  the  mixed  dough 
are  again  critical.  Usual  practice  is  to  allow  the  fermenting  dough  to 
expand  to  the  point  of  the  “first  punch."  This  is  the  point  at  winch  glu ten 
structure  of  the  dough  has  been  extended  by  gas  pressure  almost  to  he 
mint  of  collapse.  The  fingers  are  carefully  inserted  a  few  inches  mto  the 
surface  and  then  withdrawn.  If  the  dough  surface  at  that  point  recede 
slowly  without  filling  up  the  depression  ,t  is  said  to  be  ready  fo  the 
first  punch.  The  entire  dough  is  knocked  down  or  punched  to  ,emove 
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the  gas,  and  turned  over  in  the  trough.  This  movement  of  the  dough  re¬ 
moves  the  excess  concentration  of  carbon  dioxide  gas,  tends  to  reduce 
the  size  of  the  gas  cells,  prevents  large  gas  pockets,  and  makes  the  struc¬ 
ture  more  uniform.  It  also  puts  the  active  yeast  cells  in  touch  with  a 
fresh  supply  of  food  substances.  Yeast  action  is  thereby  invigorated  and 
proceeds  at  greater  speed  for  a  time.  The  punch  procedure  is  repeated 
again  (usually  twice  more)  to  keep  the  yeast  action  continuous  until  the 
dough  is  soft  and  pliable  enough  to  be  sheeted  and  moulded  without 
tearing  or  sticking. 

The  three  punches  follow  a  typical  time  pattern,  the  time  elapsing 
to  the  first  punch  taken  as  60  per  cent  of  the  total  fermentation  time,  with 
30  per  cent  allocated  to  the  second  punch  and  10  to  15  per  cent  remaining 
before  the  dough  is  ready  for  makeup. 


Sponge  and  Dough  Mixing  Process 

The  sponge  and  dough  method  of  mixing  is  preferred  in  the  majority 
of  plants  because  of  greater  flexibility  of  control  for  fermentation  and 
machine  makeup,  as  well  as  better  adaptability  to  mass  production  sched¬ 
ules.  The  principle  involved  in  the  sponge  and  dough  process  is  that  of 
mixing  a  part  of  the  flour  and  certain  other  ingredients  into  a  fairly  stiff 
dough,  called  the  sponge,  and  allowing  fermentation  to  proceed,  usually 
three  to  four  hours,  until  the  gluten  of  the  sponge  has  become  well  con¬ 
ditioned  into  a  soft,  weblike  structure  containing  a  large  volume  of  gases. 
These  gases,  air  and  water  vapor  together  with  the  carbon  dioxide  and 
alcohol  vapor  produced  by  fermentation,  will  have  increased  the  volume 
of  the  original  sponge  many  times.  The  mass  is  allowed  to  rise  until  the 
extensible  limit  is  reached  and  the  sponge  “drops.”  This  should  be  about 
65  to  70  per  cent  of  the  total  time  the  sponge  is  allowed  to  ferment.  The 


sponge  may  contain  anywhere  from  50  to  80  per  cent  of  the  flour,  with 
yeast,  yeast  foods,  shoitening  and  some  of  the  sugar.  The  percentage 
of  water  used  in  the  sponge  is  less  than  the  total  amount  for  the  complete 
sponge  and  dough.  The  amount  used  depends  upon  the  absorption  value 
of  the  flour  in  the  sponge  and  the  degree  of  firmness  desired  in  the  sponge. 

Fermentation  time  will  depend  upon  the  hardness,  or  strength  of  the 

flour  and  the  per  cent  of  flour  in  the  sponge.  Temperatures,  as  always 

in  fermentation,  are  important.  Sponges  are  usually  set  at  a  cool  75°  to 

,  ’  and  allowed  to  ferment  in  the  fermentation  room  in  an  atmosphere 

conditioned  to  a  temperature  of  8trF.  and  relative  humidity  of  70 
per  cent. 


When  sponge  fermentation  is  judged  to  be  complete,  the  sponge  mass 

ddedTd  th  Vfer'  ^  ba'anCe  °f  inSredients  in  the  formula  arl 
and  the  whole  mass  again  mixed,  at  high  speed,  for  only  a  few 
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minutes  until  the  new  dough  appears  smooth  and  pliable.  Mixing  time 
for  the  dough  stage  will  depend  upon  the  per  cent  of  flour  used  in  the 
dough  stage  and  its  strength,  but  will  have  a  great  effect  on  the  condi¬ 
tion  of  the  final  dough  for  machine  makeup.  The  combined,  remixed 
sponge  and  dough  is  then  allowed  to  ferment  for  15  to  30  minutes  in  the 
dough  trough  to  relax  and  expand,  ready  for  machine  makeup  into  loaves. 

It  should  be  understood  that  two  or  more  flours,  especially  a  strong 
and  a  weak  flour  with  dissimilar  gluten  characteristics,  cannot  be  blended 
into  one  average  flour  with  homogeneous  fermentation  and  baking  prop¬ 
erties.  The  proteins  (glutens)  of  the  two  flours  as  well  as  their  starches 
will  each  demonstrate  their  own  fermentation  rate  and  dough  character¬ 
istics.  The  finished  dough,  and  the  bread  from  such  blends,  will  there¬ 
fore  be  a  compromise  between  the  two.  In  some  cases  the  product  of 
such  blends,  by  the  straight  dough  process,  may  be  more  desirable  than 
that  of  either  alone.  It  is  not  unusual  for  straight  doughs  made  from  some 
types  of  “general  purpose”  flour  to  exhibit  these  diverse  flour  character¬ 
istics  to  a  striking  degree. 

The  sponge  and  dough  method,  however,  provides  for  the  more 
efficient  handling  and  combining  of  two  different  flours,  such  as  a  strong 
hard  northern  spring  wheat  flour  in  the  sponge,  and  a  southwestern  winter 
wheat  flour  in  the  dough  stage,  each  used  for  its  own  characteristics  of 
baking  strength,  volume  and  flavor. 

Wide  variations  in  percentages  of  flour  and  other  ingredients,  and  their 
addition  to  either  the  sponge  or  dough  stage,  are  possible  in  the  sponge 
and  dough  process,  depending  upon  the  character  ol  the  flours  and  the 
desired  doughs  for  machine  makeup  and  baking.  Due  to  the  repetition 
of  mixing  and  fermentation,  corrections  for  errors,  adjustments  for  delays, 
changes  in  schedules  or  other  variables  can  be  compensated  for  at  several 
points  in  the  process.  It  is  this  wide  flexibility  that  accounts  for  the 
greater  popularity  of  the  sponge  and  dough  method. 


Critical  Factors 

The  speed  and  length  of  time  doughs  are  mixed  at  high  speed  affect  the 
softness  and  extensibility  of  the  gluten,  so  that  the  continuing  and  subse¬ 
quent  action  of  yeast  fermentation  can  complete  the  hydration  and  con¬ 
ditioning  of  the  gluten  to  just  the  right  degree  for  best  machine  makeup 


“r Timtlmd  temperature  also  become  critical  factors  at  every  point  in  the 
mixing  and  fermentation  processes,  along  with  the  added  factor  o  p 
(acidity),  because  they  control  the  rate  of  enzyme  act.ons  m  he  dough 
and  the  aerating  action  of  the  carbon  dioxide  gas  and  alcohol  produced 

by  the  yeast  metabolism. 
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While  the  action  of  bacteria  (particularly  that  of  the  lactic  acid  formers) 
in  the  ingredients  and  doughs  cannot  be  entirely  disregarded,  because  of 
their  effects  on  acidity  and  flavor,  their  consideration  is  not  justified  in 
this  discussion. 

Fermentation 

The  object  in  dough  fermentation  is  to  generate  sufficient  gas  for  maxi¬ 
mum  aeration  and  to  condition  the  gluten  and  soften  the  colloidal  strue- 


Courtestj  of  Union  Steel  Products  Co. 

Fig.  63.  Bakery  Fermentation  Room 


A  typical  wholesale  bakery  fermentation  room  provides  for  controlled  flow  of  air  at 

a  specified  temperature  and  humidity. 

ture  so  that  the  optimum  amount  of  gas  is  retained.  The  yeast  cells, 
uniformly  dispersed  throughout  the  dough  mass,  act  upon  the  available 
sugars,  transforming  them  into  carbon  dioxide  and  alcohol.  Lactose 
(milk  sugar)  cannot  be  used  by  the  yeast,  and  maltose  generated  by  the 
action  of  amylases  on  starch  is  utilized  more  slowly  than  sucrose,  fructose, 
or  glucose.  The  carbon  dioxide  gas,  set  free  in  the  tiny  air  cells  of  the 
dough,  expands  and  raises  the  dough  to  several  times  its  original  volume. 
At  the  same  time  the  gluten  structure  holding  the  mass  together  becomes 
more  elastic,  forming  retaining  walls  or  membranes  around  the  gas  and 
air  cells,  expanding  with  the  increasing  volume.  Yeast  multiplication 
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does  not  occur  in  dough  to  any  appreciable  extent  because  the  conditions 
are  not  suitable. 

The  biochemistry  and  physics  of  the  fermentation  process,  involving 
as  it  does  a  complicated  energy  system,  cannot  be  discussed  here.  The 
result  of  all  the  reactions  occurring  during  the  fermentation  is  to  mellow 
and  condition  the  dough  ready  for  machine  makeup. 

The  fine  balance  between  formula  percentage  of  ingredients,  mixing 
times  and  fermentation  of  the  doughs  requires  an  expert  knowledge  and 
experience  of  these  factors  in  terms  of  the  flours  used  and  the  character 
of  finished  product  desired.  Experience,  therefore,  based  upon  a  thor¬ 
ough  knowledge  of  the  basic  principles  involved  in  these  complex  and 
interrelated  actions,  is  required  to  meet  the  rigorous  demands  of  mass 
production  in  the  modern  mechanized  baking  factories.  Thus  the  bakery 
production  supervisor  of  the  future  must  be  trained  in  the  sciences  in¬ 
volved  in  baking,  which  can  best  be  accomplished  at  the  university  level, 
in  undergraduate  and/or  graduate  school  courses  designed  to  give  a  broad 
background  of  the  basic  sciences. 


MAKEUP  MACHINERY 

The  familiar  hand  operations  such  as  kneading,  shaping  and  panning 
of  dough  pieces  sized  to  make  individual  loaves,  are  now  performed  by 
machines  at  speeds  of  35  to  120  pieces  per  minute.  It  is  conceivable  that 
there  are  limits  beyond  which  the  speeds  of  machines  may  not  go  in 
altering  the  shape  and  density  of  the  colloidal  system  which  is  the  dough 
piece,  without  irreparable  damage  to  the  structure  that  has  been  so  care- 
fully  developed  by  fermentation.  So  while  bakery  machine  speeds  have 
been  steadily  moved  upward,  excessive  damage  to  the  dough  and  the 
resulting  bread  structure  have  caused  bakery  operators  in  some  instances 
to  slow  them  down  again.  This  same  argument,  in  reverse  however,  seems 
to  be  a  factor  in  the  almost  instantaneous  breakdown  of  gluten  strength 
to  produce  a  very  fine  grain  and  texture  in  the  Baker  Do-Maker  anc 
similar  continuous  mix  processes  (Parker  1957). 


Dough  Divider 

In  the  conventional  bakery  operation,  the  fermented  dough  b  auto¬ 
matically  separated  into  pieces  for  specific  loaf  size  by  t  e  er  a 
machine  which  collapses  the  dough  by  pressure  and  shears  off  unit  por- 
Hons  on  a  volumetric  principle.  The  divider  has  been  apt  y  “enzed 
as  the  cash  register  of  the  bakery,  for  dough  piece  weights  need  to 
accurate  and  uniform  within  small  fractions  of  an  ounce  to  prevent  loss 
from  overscaling  or  danger  of  underweight  oaves  from  unc ersca  lig. 

The  divider  discharges  the  scaled  dough  pieces  onto  a  moving 
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from  a  series  of  pockets  for  transfer  to  the  rounder.  Speeds  of  1-  to  -0 
cnts  per  minute  are  considered  most  suitable  for  normal  doughs,  so  that 
•in  eight-pocket  divider  will  deliver  120  scaled  pieces  per  minute.  There 
is  provision  for  quick  and  easy  adjustment  of  the  size  of  the  pockets  for 


Courtesy  of  Baker  Perkins  Co. 


Tig.  64.  Illustrating  How  the  Trough  Elevator  Empties  the  Dough 

into  the  Divider  Hopper 

From  the  8-pocket  divider  the  separate  loaf-size  dough  pieces  are  transferred 
automatically  to  the  rounder  (rear)  and  on  into  the  intermediate  proofer. 


control  of  scaling  weights  of  the  dough  piece  while  the  machine  is  run¬ 
ning.  The  divider  is  also  equipped  with  variable  speed  control  and 
adjustment  for  controlling  the  pressure  exerted  on  the  dough  as  it  is 
forced  into  the  pockets. 


Rounder 

The  rounder  is  an  intermediate,  but  important  machine  which  rolls  the 

dough  piece  into  a  ball.  As  the  niece  travels  . . i  f,  ?  tllc 

me  piece  navels  around  the  circumference 
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of  a  cone,  the  tension  of  friction  against  the  grooved  surface  stretches 
the  skin  around  the  dough  as  in  hand  rounding.  This  smooth  skin  surface 
helps  to  retain  the  fermentation  gases  as  the  dough  recovers  its  lightness. 
The  dough  pieces  are  then  transferred  by  belt  to  the  automatic  feed  at 
the  intermediate  proofer  and  dropped  into  depressions  in  trays  of  wood, 
metal  or  canvas. 


Intermediate  Proofer 

The  principle  of  the  intermediate  proofer  is  to  allow  the  dough  pieces 
to  recover  from  the  punishment  received  in  the  divider  and  resume  fer¬ 
mentation  for  8  to  15  minutes  to  the  point  where  the  dough  piece  is  again 
soft  and  pliable,  ready  for  moulding  into  loaf  shape. 

In  construction,  the  trays  carrying  dough  pieces  ride  continuously  on 
chains  that  carry  the  trays  up  and  back  and  forth  in  an  enclosed  cabinet 
until  the  dough  pieces  are  ready  for  the  moulder.  The  dough  pieces  are 
discharged  from  the  trays  by  the  simple  expedient  of  turning  each  tray 
over  and  dropping  the  dough  piece  onto  a  moving  belt  that  discharges 
them  into  a  guide  chute  at  the  top  of  the  moulder.  Total  time  in  the 
intermediate  proofer  is  controlled  by  means  of  variable  speed  drive. 


Moulder 


Here  again,  the  principle  of  the  moulder  is  to  do  by  machine  at  high 
speed  the  arduous  and  skillful  flattening,  curling  and  sealing  of  the 
dough  piece  formerly  done  by  hand.  The  moulder  therefore  is  equipped 
with  two  sets  of  rolls.  The  top  set,  or  sheeting  rolls  take  the  dough  piece 
as  it  is  delivered  automatically  from  the  intermediate  proofer,  flatten  it 
out  to  about  three  times  the  diameter  of  the  original  piece  while  squeez¬ 
ing  out  most  of  the  gases.  From  the  head  rolls  the  flattened  dough  piece, 
from  one-fourth  to  one-half  inch  in  thickness,  depending  upon  the  weight 
and  size  of  the  piece,  is  then  curled  or  rolled  up  into  loaf  shape  by  means 
of  a  set  of  curling  rolls.  This  dough  cylinder  is  rolled  under  a  flat  canvas 
surfaced  sheet  of  metal  called  a  pressure  board  to  elongate  it  and  seal 
the  outside  edge.  The  squeezing  action  produces  a  more  uniform  dis¬ 
tribution  of  gas  cells  so  that  proofing  in  the  pan  results  in  better  grain  and 


texture  in  the  loaf. 

Modifications  of  the  curling  action  have  been  developed  m  an  attempt 
to  produce  a  more  uniform  density  of  dough  throughout  the  curled  and 
sealed  dough  piece.  Some  of  these  are  designed  to  turn  the  flattened 
piece  from  the  sheeting  rolls  90  degrees,  or  180  degrees,  and  then  cur 
them  by  means  of  a  flexible  chain  mat.  These  modificatrons  are  known 
as  cross-grain  moulding  or  reverse  moulding.  Settings  o  e  s  ee  g 
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rolls  (head  rolls)  are  the  critical  stage  in  moulding  and  therefore  these 
rolls  must  be  adjustable  for  requirements  of  different  doughs 

Two  main  difficulties  of  machine  makeup  are  the  fact  that  the  machine 
cannot  “feel”  or  react  to  the  natural  tenderness  of  the  finished,  fermentec 
dough  piece,  and  has  to  be  adjusted  to  the  right  tension  or  force  to 
prevent  “killing”  the  dough.  Teflon  surfaces  are  now  used  at  some  points 
where  the  iron  or  steel  comes  in  contact  with  the  dough,  to  prevent  stick¬ 
ing  and  reduce  the  need  for  dusting  flour.  Another  handicap  is  the  neces- 


Courtesy  of  Baker  Perkins  Co. 

Fig.  65.  This  Arrangement  of  Bakery  Make-up  Equipment  Provides  for  the 

Automatic  Movement  of  Dough  Pieces 

They  pass  from  the  divider  (right)  through  the  rounder,  intermediate  proofer  (center), 
into  the  automatic  reverse-sheeting  loaf  moulder  and  panner  ( left ) .  The  moulded 
and  panned  dough  pieces  then  move  into  the  proofing  room  to  rise  in  volume  prepara¬ 
tory  to  baking  in  the  automatic  traveling  hearth  oven  (left  rear). 


sity  for  the  use  of  dusting  flour,  or  starch,  to  prevent  sticking  through  the 
machines.  This  raw,  unfermented  dusting  flour  has  a  tendency  to  tighten 
up  the  dough  structure  and  frequently  shows  up  as  hard  pills,  ridges  or 
even  cores  in  the  finished  loaf. 

Up  to  the  pan,  every  operation  of  machine  makeup  should  be  carried 
out  in  a  suitable  temperature  and  humidity.  The  air  conditioning  of  large 
plant  areas  in  the  bakery,  however,  presents  difficult  problems  of  power 
cost  and  control  and  most  bakeries  provide  for  temperature  and  humidity 
control  only  in  the  more  critical  areas  of  fermentation  and  in  final  proofing 
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They  depend  upon  natural  or  forced  ventilation  to  help  equalize  tempera¬ 
tures  in  the  working  areas. 

Proofers 

Once  the  shaped  dough  piece  is  in  the  pan,  where  it  is  placed  by  hand 
or  dropped  automatically  by  machine  panners,  the  operation  is  ready  for 
completion  by  the  final  proofing,  or  pan  proof.  The  greased  or  coated 
pans  containing  the  formed  dough  pieces  are  moved  into  a  proofing  room, 
cabinet  or  enclosed  area  where  the  fermentation  action  is  again  stimu¬ 
lated  by  heat  at  a  temperature  of  95°  to  98  F.  in  a  relative  humidity  of 
80  to  85  per  cent.  At  this  temperature  and  humidity,  fermentation  action 
is  at  nearly  maximum  rate  so  that  the  dough  rises  uniformly  in  the  pan  to 
the  point  just  above  the  pan  top  where  the  oven  heat  of  baking  will  pro¬ 
duce  the  loaf  of  desired  shape  and  size  with  the  best  interior  and  crust 
quality.  This  final  proofing  operation  requires  from  40  to  60  minutes  with 
normal  doughs  and  must  be  accurately  judged  for  best  baking  results. 
The  high  relative  humidity  is  maintained  in  proofing  to  prevent  drying  and 
crusting  of  the  loaf  top  surface  so  that  the  dough  rises  freely  in  the  pan. 

The  trend  toward  automatic  operation  throughout  the  baking  process 
has  led  to  the  development  and  engineering  of  continuous  proofing 
mechanisms  in  which  the  panned  dough  piece  from  the  moulder  is  carried 
through  the  final  proof  under  controlled  conditions  and  speeds  to  the 
mouth  of  the  continuous  oven  where  the  pans  are  transferred  auto¬ 
matically  to  the  oven  shelves  for  baking. 


Ovens 


When  all  of  the  sequence  of  operations  have  been  carried  out  under 
controlled  conditions  of  temperature,  time  and  humidity,  and  depending 
always  upon  the  type  and  baking  characteristics  of  the  flours  used,  the 
proofed  dough  piece  in  the  pan  is  ready  for  the  final  and  most  important 
phase  of  baking.  In  the  oven  a  soft,  tender  but  unpalatable  dough  piece 
is  transformed  by  heat  into  a  light,  porous,  appetizing  and  nutritious  loaf 


of  fresh  baked  bread. 

Regardless  of  the  type  of  oven,  whether  stationary  hearth,  moving  tray, 
or  traveling  hearth,  the  baking  process  is  much  the  same.  Heat  is  apphed 
at  a  steady  rate,  usually  from  400°  to  500°F.  for  a  period  of  from  l0  to  30 
minutes,  depending  upon  the  type,  shape  and  size  of  the  product  to  he 
baked.  Denser  doughs  for  rye  breads  or  other  special  types  require  ie 
highest  range  of  temperature  and  a  little  more  time  The  presence  of  high 
residual  sugar  content  and  more  milk  solids  will  requ.re  lower  bakmg 
temperature  to  prevent  excessive  carmelization  and  darkening  ot  the  crust 

Part  of  the  heat  in  the  oven  is  applied  to  the  loaf  by  conduct 
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through  the  pan,  part  by  radiation  and  convection  to  the  surface  of  the 
loaf  above  the  pan.  The  heat  supply,  both  top  and  bottom,  must  be 

steady.  .  ,  ,  ,  . 

The  many  changes  that  take  place  rapidly  in  the  setting  up  and  baking 

off  of  the  loaf  are  not  too  well  known  because  of  their  complexity  and 
speed.  In  an  effort  to  picture  them  in  more  or  less  sequence,  we  may 
characterize  the  first  step  as  that  of  oven  spring  where  the  heat  rapidly 
expands  the  gases  held  in  the  myriad  of  cells.  Dissolved  carbon  dioxide 
and  alcohol  are  vaporized  to  increase  the  internal  pressure,  and  these 


Courtesy  of  Baker  Perkins  Co. 

Fig.  66.  A  View  of  an  Automatic  Loading  and  Unloading  120  Foot  Traveling 
Bakery  Oven  and  Automatic  Bread  Depanning  Machine 

The  baking  bread  moves  through  the  oven  on  steel  trays  to  the  end  where  the  pans 
are  automatically  discharged  and  conveyed  to  the  depanner.  Emptied  pans  are 
returned  by  conveyor  to  the  moulder-panner  as  they  cool  and  the  freshly  baked  loaves 
are  sent  to  overhead  conveyors  for  cooling  in  readiness  for  slicing  and  wrapping. 


along  with  the  added  pressure  of  moisture  vapor  all  help  expand  the  loaf 
to  approximately  twice  its  original  size,  until  the  crust  is  sufficiently  set 
to  hold  the  shape  and  the  baking  is  completed.  During  that  interval 
moisture  is  released  from  the  loaf  and  helps  to  delay  the  hardening  of  the 
crust  until  the  new  loaf  shape  has  been  formed.  In  the  case  of  some 
n  eads,  particularly  rye  breads  where  a  glossy  crust  is  desired,  additional 
steam  is  introduced  into  the  oven  during  early  minutes  of  baking.  The 
use  of  steam  at  low  pressure  and  sufficient  volume  in  the  oven  is  an  im¬ 
portant  factor  m  producing  a  better  volume  and  a  more  tender  crust. 

of  the'v!  •  ^  Gar  Y  bakmg  °r  °Ven  sprinS  Period>  the  biological  activitv 
of  the  various  enzyme  systems  of  the  flour,  yeast  and  any  other  aZd 
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enzyme  supplements,  are  carried  past  their  optimum  range,  then  arrested 
and  destroyed  by  the  increasing  temperature  in  the  loaf. 

As  the  temperature  continues  to  rise,  the  soft,  pliable  colloidal  system 
of  gluten  proteins,  dextrins,  sugars,  and  fats  is  denatured,  stabilized  or 
fixed  by  heat  and  by  the  removal  of  much  of  the  free  moisture.  The 
starches  absorb  more  water  and  swell  to  larger  size  in  their  entrapped 
position  within  the  gluten  framework.  These  starch  softening  and  swell¬ 
ing  properties  become  active  at  about  130°F.,  while  the  gluten  structure 
begins  to  coagulate  and  set  up  about  165  F.  and  continues  until  final 
baking  temperatures  of  near  212°F.  are  reached.  The  fats  (shortening) 
have  been  melted  in  the  baked  structure  and  tend  to  coat  the  walls  of 
the  rapidly  expanding  cells,  to  reduce  the  cell-wall  porosity  and  help 
maintain  uniform  fineness  of  cell  structure. 

just  how  far  the  fundamental  conditions  of  time,  temperature,  pH  and 
the  speed  of  biological  processes  now  considered  essential  to  the  con¬ 
ventional  methods  of  bread  production  can  be  altered  and  speeded  up, 
remains  to  be  seen.  After  thousands  of  years  of  empirical  procedure,  fol¬ 
lowed  by  a  relatively  few  years  of  scientific  study,  modern  science  holds 
promise  of  accomplishing  about  the  same  results  in  a  fraction  of  the  4 
to  8  hours  now  utilized  to  make  and  bake  a  loaf  of  bread. 

One  thing  is  certain,  that  much  more  fundamental  research  and  study 
of  what  takes  place  in  the  bread  baking  process  is  necessary  before  we 
can  hope  to  further  our  knowledge  and  understanding,  and  therefore  our 
control,  of  such  time  saving  procedures. 


COOLING,  SLICING,  AND  WRAPPING  MACHINERY 

When  the  great  convenience  factor  of  sliced  bread  was  added  to  the 
industry’s  service  about  1928  to  1930,  a  new  group  of  problems  had  to 
be  worked  out.  The  principle  of  slicing  the  loaf  with  a  set  of  parallel 
steel  blades  spaced  one-half  inch  apart  and  moving  at  high  speed,  has 
remained  much  the  same.  Reciprocal,  up  and  down  motion  of  alternate 
blades  has  been  replaced  by  a  series  of  band  blades.  Many  variations  in 
cutting  edge  of  the  blades  or  bands  have  been  tried,  from  eighth  inch 
scallops  with  sharp  pointed  edges  to  half-inch  or  more  spaces  between 

The  first  slicing  machines  were  slow,  with  a  tendency  to  ciusli  the  loaf 
as  it  was  pushed  through  the  blades  by  the  loaves  behind  .t  There ^was 
a  great  deal  of  crumbing,  due  to  the  high  speed  tearing  action  of  * 
cutting  points.  Greater  tenderness  of  crust  was  desirable,  and  the  loaves 

Vrwl  to  be  thoroughly  cooled  to  about  46  F.  .  ... 

M  re Recently  .Vhas  been  found  that  with  improved  shemg ,-cut  *»g 
edges  on  the  band  blades,  the  high  band  blade  speeds  of  1000  to  1500 
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Courtesy  of  Baking  Industry 

Fig.  67.  Bread  Slicing  and  Wrapping  Machines 

Batteries  of  several  slicing  and  wrapping  machines  operate  continuously  to  handle  the 
loaves  as  they  come  from  the  cooling  conveyors  overhead. 


leet  per  minute  could  be  reduced  to  as  low  as  400  feet  per  minute,  with 
better,  cleaner  slicing,  and  at  bread  temperatures  only  slightly  reduced 
from  the  oven.  1  his  has  likewise  increased  the  speed  of  slicing. 

The  problems  presented  by  the  machine  wrapping  of  sliced  bread 
were  difficult  of  solution.  Improvement  in  machine  design,  with  the 
application  of  heat  sealers  for  self  sealing  wax  paper  or  cellophane,  cool- 
ing  plates  for  fast  setting  of  the  sealed  edges  and  ends,  the  changes  in  the 
wrapping  materials  themselves,  all  contributed  to  a  firmer,  more  protec¬ 
tive  package  that  would  stand  the  handling  of  delivery  and  in-the-store 
traffic. 

Provision  is  made  for  adjustment  of  both  sheer  and  wrapper  to  different 
s.zed  loaves.  Wrapping  machines  are  now  operating  at  speeds  up  to  120 
loaves  or  more  per  minute,  and  are  synchronized  with  the  slicing  machines 
so  that  the  operation  is  continuous.  Batteries  of  several  of  these  combina- 

finkhedTg  7  Tlppin«  units  can  provide  for  a  continuous  How  of 
finished  breads  as  fast  as  they  come  from  the  oven. 
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NEW  PROCESSES 

Now  that  the  so-called  brew  process  and  “continuous  mixing”  methods 
have  been  recently  developed  within  the  baking  industry,  mostly  by  trial 
and  error  method  of  experimentation,  we  have  further  complicated  the 
picture  of  what  takes  place  within  the  dough.  Here  again  the  imposition 
of  severe  mechanical  action  on  the  gluten  structure  and  the  addition  of  an 
active  yeast  ferment  developed  outside  and  separate  from  the  dough, 
have  produced  modifications  of  grain  and  texture  in  the  loaf  and  signifi¬ 
cant  changes  in  the  flavor  that  were  always  heretofore  associated  with  the 
older  or  traditional  bread  making  process. 

From  long  experience  in  the  effort  to  control  many  variables  in  regular 
dough  fermentation  and  makeup,  it  would  seem  logical  to  expect  that  the 
bakers’  failure  to  control  accurately  the  “continuous"  or  “brew"  process 
will  again  await  the  necessary  research  into  a  new  order  of  reactions  that 
take  place. 


STALING  OF  BREAD 


Bakers  bread  is  recognized  as  a  perishable  product,  fresh  when  just 
out  of  the  oven  but  starting  to  age,  firm  up  and  become  progressively  stale 
thereafter.  The  staling  process  represents  a  series  of  slow  changes  that 
can  be  retarded  somewhat  by  suitable  ingredients,  proper  packaging,  and 
temperature  control,  to  keep  the  loaf  fairly  soft  and  satisfactory  in  flavoi 
through  the  second  and  into  the  third  day.  Third  day  freshness  has  in 
fact  become  a  necessity  with  the  system  of  delivery  used  by  the  wholesale 


baker. 

The  location  of  the  loaf  on  the  retail  grocers  shelf  while  awaiting  pur¬ 
chase  by  the  consumer  may  extend  the  time  interval  from  oven  to  table 
by  18  to  36  hours  or  more.  The  baker’s  removal  of  any  unsold  bread  from 
the  store  after  the  second  or  third  day  becomes  one  of  the  most  serious 
economic  losses  in  the  baking  industry.  Even  more  important  is  the 
danger  of  disappointing  the  customer  with  a  stale  loaf. 

Studies  of  the  physical  and  chemical  changes  involved  in  staling  have 
occupied  the  research  of  many  scientists  in  the  fields  of  cereal  technology 
and  food  chemistry  for  years.  Their  objective  was  to  find  a  way  to  prevent 
staling  or  retard  it  to  the  point  where  the  baker  could  bake  bread  for 
inventory,  with  an  assured  shelf  life  of  several  days  to  a  week.  An 
extension  or  improvement  of  even  24  hours  would  he  of  great  economic 

"while  agreement  is  lacking  as  to  the  most  important  changes  in  the 
staling  of  bread,  we  can  mention  those  changes  brought  out  by  invest, - 

g"g°  of ‘the  crust  as  distinguished  from  the  interior  crumb  is  of 
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greater  significance  in  the  unsliced  loaf.  The  crust  came  from  the  oven 
dry  and  crisp.  It  changes  slowly  with  the  transfer  of  moisture  out  from 
the  interior  of  the  loaf,  and  with  the  absorption  of  water  vapor  from 
the  surrounding  atmosphere,  until  it  finally  becomes  tough  and 

leathery.  .  .  , 

Slicing  and  wrapping  the  loaf  while  warm  helps  to  facilitate  the  rapid 

change  of  moisture  distribution  between  tbe  crust  and  crumb 
and  the  atmosphere  immediately  surrounding  the  loaf  within  tbe 
wrapper. 

Staling  of  crumb  is  attributed  to  physiochemical  changes  within  tbe 
starch  and  dextrins  present  (Geddes  and  Bice  1946,  Pyler  1952).  These 
changes  occur  only  above  a  certain  moisture  content,  but  in  tbe  normal 
loaf  of  white  bread  the  moisture  is  sufficient  to  promote  the  transforma¬ 
tion  of  the  amorphous  structure  of  the  starch  into  a  more  crystalline  form 
with  attendant  firming  of  the  structure.  Higher  temperatures  slow  down 
the  staling  rate,  and  may  reverse  the  staling  process  to  some  degree,  ac¬ 
counting  for  the  fact  that  the  brief  reheating  of  tbe  loaf  in  the  oven  has 
the  apparent  effect  of  freshening  it.  Upon  cooling  of  the  reheated  loaf, 
however,  the  staling  proceeds  more  rapidly  than  before.  The  flavor  of 
bread  that  has  staled  to  a  considerable  extent  cannot  be  improved  by 
reheating. 

Quick  freezing  of  the  loaf  will  arrest  staling  until  it  is  again  thawed, 
but  after  thawing,  staling  resumes  and  appears  to  proceed  at  a  faster 
rate  than  in  unfrozen  loaves.  Likewise  the  temperature  changes  that  take 
place  in  the  handling  of  wrapped  bread  in  delivery  to  the  stores  in  cold 
weather,  with  subsequent  changes  in  the  store  and  to  the  home,  all  help 
to  deteriorate  the  natural  freshness  and  flavor  of  the  fresh  loaf.  Some 
baking  companies  have  resorted  to  heated  delivery  vehicles  to  maintain 
more  favorable  temperatures  of  70°  to  80°  for  winter  time  deliveries  in 
colder  climates. 

Thus  staling  of  bread  is  an  added  control  factor  to  the  many  already 
encountered  in  the  detailed  production  of  the  product,  and  one  which  is 
therefore  urgently  in  need  of  solution  through  further  research. 

MANUFACTURE  OF  BUNS  AND  ROLLS 
The  almost  universal  popularity  of  the  hamburger  and  the  hot  dog  in 
all  their  variations,  combined  with  the  trend  toward  picnics  and  outdoor 
cookmg  have  led  the  production  and  sale  of  buns  and  rolls  into  tbe  realm 
of  big  business.  Many  a  baking  company  has  found  tbe  bun  and  roll 
business  an  important  part  of  their  total  sales  volume 

The  mass  production  of  buns  and  rolls  has  been  greatly  facilitated  by 
e  design  and  use  of  specialized  machinery.  The  trend  now  is  the 
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combination  of  such  equipment  in  a  sequence  that  makes  the  production 
continuous  and  practically  automatic. 

Bun  and  roll  doughs  follow  the  same  general  principles  as  for  bread 
production.  The  smaller  unit  size,  shape  and  sweeter  flavor,  and  the 
makeup  of  the  extruded  dough  pieces  at  high  speed,  have  imposed  modi¬ 
fications  that  require  the  mixing  of  special  doughs.  These  doughs  when 
fermented  are  placed  in  the  hopper  of  the  roll  machine,  and  subjected  to 
pressure  that  extrudes  small  dough  pieces  weighing  roughly  one  to  two 
ounces. 

A  sequence  of  rounding,  panning  into  special  bun  or  roll  pans  and  final 
proofing  prepares  the  buns  or  rolls  for  baking  at  about  350°  to  450° F. 
for  8  to  12  minutes.  Baking  is  carried  out  in  special  traveling  tray  ovens 
or  reel  ovens,  or  they  can  be  handled  automatically  in  the  traveling  bread 
oven  that  is  run  at  higher  speed  and  lower  temperature  than  for  pan 
bread.  Automatic  dumping  equipment  for  bun  pans  from  the  oven 
operates  to  deposit  the  buns  on  a  traveling  belt  or  conveyor  for  cooling. 

Automatic  bun  slicing  machines  can  be  used  to  cut  the  bun  or  roll 
into  two  halves  before  they  are  packaged  more  or  less  automatically  in  a 
suitable  number  of  units.  Standard  wrapping  machines  are  used  that 
will  handle  buns  or  rolls  nested  in  trays  and  overwrapped  with  cellophane 
or  semi-transparent  waxed  paper.  Some  wrappers  will  handle  the  stacked 
buns  without  any  supporting  paperboard  tray.  These  packages  facilitate 
the  distribution  and  sale  of  buns  and  rolls  in  convenient  quantity  from 
the  same  display  space  in  the  stores  as  breads  and  other  baked 

products. 


BROWN  AND  SERVE  ROLLS 

The  marketing  of  “brown  and  serve”  rolls  has  developed  phenomenally 
within  the  past  ten  vears.  Bolls,  singly  or  in  clusters,  are  baked  just 
enough  to  reach  the  final  volume  and  stable  conditions  within  the  roll, 
but  not  enough  to  complete  the  browning  of  the  crust.  Baking  is  carried 
on  for  about  20  to  22  minutes  at  a  lowered  oven  temperature  of  about 

985°F 

’  The  rolls  are  then  packaged  in  protective  paperboard  trays  or  boxes 
with  transparent  wrappings,  and  distributed  to  the  store  outlets  much 
like  other  baked  products.  Refrigeration  is  not  necessary,  but  is  help¬ 
ful  in  maintaining  the  products  in  good  condition.  The  consumer 
merely  finishes  the  baking  procedure  in  the  home  oven  at  350  to .450  K 
for  a  few  minutes  to  give  the  hot  rolls  the  desired  crust  color  and  fresh- 

"eA  greaTdeal  of  research  and  experimentation  has  gone  into  the  devel¬ 
opment  of  suitable  wrapping  materials  for  baked  products,  to  prov.de 
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both  sanitary  protection  and  color  printing  for  identification  of  the  manu 
facturer’s  brand  name.  The  principles  of  package  design,  materials 
colors  and  consumer  interest  would  require  another  volume  to  be  ex 

plained  fully. 


SWEET  YEAST  RAISED  PRODUCTS 

The  sweet  baked  products  such  as  sweet  rolls,  coffee  cakes  and  Danish 
pastry  are  special  modifications  of  the  yeast  raised  dough  piocess.  In 
practice,  the  sweet  doughs  are  much  richer  in  sugar  and  shortening, 
usually  contain  eggs,  and  ferment  faster.  The  fermented  dough  needs  to 
be  made  up  into  suitable  shapes  and  sizes,  with  or  without  fillings  or 
toppings,  and  proofed  carefully  so  as  to  bake  out  while  retaining  their 
characteristic  shape  and  form.  Their  size,  shape,  and  variety  of  flavors, 
fillings  and  icings,  are  limited  only  by  the  bakers  technique  and  imagina¬ 
tion.  Most  of  these  sweet  dough  products  are  especially  appetizing  when 
made  up  by  hand,  and  therefore  do  not  lend  themselves  easily  to  large 
volume  machine  production. 


COMMERCIAL  CAKE  MANUFACTURE 

There  are  three  general  or  basic  types  of  cakes:  (1)  Layer  Cakes, 
such  as  White  Layers,  Yellow  Layers,  Chocolate  Layers  and  Devils  Food 
Layers;  (2)  Pound  Cakes;  and  (3)  Foam  Type  Cakes,  such  as  Angel 
Food,  Sponge  Type  Cakes,  and  Chiffon  Cakes. 

In  contrast  with  the  complexities  of  the  bread  making  process,  the 
baking  of  cakes  presents  a  fairly  simple  set  of  principles.  Instead  of  yeast 
fermentation,  chemical  leavening  agents  such  as  baking  powders  are 
utilized  to  furnish  the  necessary  amounts  of  carbon  dioxide  gas  at  the 
right  time  in  the  cake  baking  process.  Since  little  or  no  gluten  develop¬ 
ment  is  needed  or  desirable,  the  process  lends  itself  to  rapid  batter 
mixing,  depositing,  and  baking. 


Cake  Ingredients  and  Their  Functions 

Flours  best  suited  for  cake  work  are  milled  from  soft  winter  wheats 
that  contain  a  relatively  low  percentage  of  protein.  A  general  specifica¬ 
tion  for  a  fine  cake  flour  would  be  a  finely  milled,  high  patent  extraction 
so  t  winter  wheat  flour  with  not  over  7  to  8  per  cent  protein  and  a  low 
ash  content  ol  about  .34  to  .38  per  cent.  The  Hour  should  he  thoroughly 
bleached,  with  a  pH  value  of  5.0  to  5.3  and  have  a  fine  uniform  granula- 
tion  h  lour  is  the  chief  component  of  the  cake  structure. 

le  shortening  used  plays  an  important  role  in  cake  production  The 
most  important  function  is  that  of  carrier  for  the  air  cells  that  are  em 
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trapped  during  the  creaming  stage  of  batter  mixing.  Shortening,  be¬ 
cause  it  is  used  in  generous  percentage,  has  an  important  lubricating 
action,  especially  during  the  turbulent  movement  of  melted  fat  through 
the  mix  of  gluten  and  starch  during  early  stages  of  baking,  when  it 
facilitates  the  great  expansion  of  air  cells  containing  moisture  vapor  and 
carbon  dioxide  gas  to  make  a  light,  tender  texture. 

The  cake  making  process  has  been  greatly  simplified  by  the  introduc¬ 
tion  of  special  emulsified  shortenings  that  hold  larger  quantities  of  liquid 
and  yet  give  more  stable  batters  that  yield  a  finished  cake  of  larger  volume 
and  longer  lasting  softness. 

Shortenings  for  cake  work  may  be  of  several  types,  partially  hydrogen¬ 
ated  vegetable,  or  animal  fats,  or  blends  of  several  of  these  to  a  soft 
plastic  consistency  at  normal  working  temperatures  of  68  to  78' F. 
Antioxidants  may  be  used  to  stabilize  the  finished  fat  and  prevent  rapid 
development  of  rancidity  in  storage.  The  characteristic  behavior  of  these 
emulsified  shortenings  depends  upon  their  careful  preparation  and  tem¬ 
pering  to  obtain  the  proper  crystalline  structure.  Storage  temperatures 
above  90°F.  will  denature  the  structure  balance  within  the  shortening 
and  greatly  decrease  the  cake  making  value. 

Fresh  creamery  butter,  so  highly  prized  for  its  rich  flavor  in  cakes,  may 
still  be  used  in  high  proportion  of  the  total  shortening  with  aid  of  suitable 
emulsifiers.  All-butter  cakes  of  superior  quality  and  appetite  appeal  are 
now  on  the  market.  General  practice  however  is  to  use  part  shortening 
and  part  butter,  or  the  butter  may  be  replaced  wholly  or  in  part  by  the 
new  margarines  with  their  good  butter  flavor  and  built-in  emulsifying 

properties. 

Eggs  are  also  a  basic  ingredient  in  cake  and  have  several  well  known 
functions,  such  as  a  binding  action  and  a  structural  stabilization,  and  a 
leavening  action,  and  the  lecithin  in  the  egg  yolk  has  an  emulsifying  action 
in  the  batter.  They  carry  an  important  flavor  factor  and  color  as  well 

as  a  high  nutritive  value. 

Eggs  are  used  in  several  forms,  as  fresh  or  frozen  whole  eggs,  or 
separated  into  yolks  and  whites  for  use  in  certain  types  of  cakes.  Dnec 
eggs  in  powdered  form,  either  whole  egg  whites,  or  yolks,  are  now  avail¬ 
able  in  suitable  form  due  to  modern  processes  of  preparation  am 1  pac  mg. 

Eggs  are  the  most  costly  ingredient  in  cake  mixing  and  should  be 
t0  advantage  within  the  limits  of  their  best  formula  percentage. 

The  sugars  used  in  cake  baking  are  important  contributors  to  flavor 
and  texture.  Cane  or  beet  sugar  of  medium  sized  erysta  stajctae  cut 
basic  ingredient  for  it  is  the  sharp  edges  of  these  crystals  that  help  cut 
air  Into  tht  fa,  during  the  first,  or  creaming  stage  of  building  the  batter. 
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Sugars  and  syrups  of  various  kinds  are  also  used  in 
aration  of  several  different  types  of  icings. 


quantity  in  the  prep- 


Formula  Balance 

Batch  mixing  of  cake  batters  for  layer  type  cakes  has  been  in  general 
practice  for  many  years,  with  many  variations  in  the  actual  procedure 
due  to  bakers’  individual  success  with  different  techniques.  Extensive 
experimentation  and  microscopic  study  of  batters  ( Carlin  1944 )  has  sup¬ 
plied  knowledge  that  narrows  the  process  down  to  a  few  basic  principles 
and  enables  the  operator  to  judge  with  considerable  accuracy  the  pioper 
formula  relationship  of  ingredients  and  best  sequence  of  mixing  tech¬ 
nique. 

In  the  layer  cake  formula,  for  example,  each  ingredient  has  a  major 
purpose  or  function,  and  consequently  the  results  depend  upon  the  proper 
balance  of  these  functions.  These  ingredients  act  as: 


(1)  Tougheners— Flour  and  milk  solids. 

(2)  Tenderizers— Shortening,  sugar,  egg  yolks,  and  leavening  agents. 

(3)  Moisteners— Liquids  and  the  moisture  content  of  eggs. 

(4)  Driers— Flour,  sugar,  dry  milk,  and  cocoa. 

(5)  Fla vorers— Sugar,  chocolate,  salt  and  flavoring  materials  added  as  such. 


Some  variation  or  adjustment  of  ingredients  is  possible,  so  long  as  the 
general  over-all  balance  of  these  functions  is  maintained.  Consequently 
when  one  ingredient  is  changed,  for  example  the  amount  of  flour  which 
acts  as  structural  toughener  and  drier,  it  is  necessary  to  compensate  for 
that  function  by  a  corresponding  change  in  tenderizing  ingredients  and 
the  liquid  or  moistening  ingredients.  These  adjustments  are  found  to  be 
possible  only  within  certain  limits  which  are  known  as  the  formula  range 
for  each  type  of  cake. 

A  typical  yellow  layer  cake  formula  range  can  be  expressed  as  follows. 


Yellow  Layer  Cake 
Formula  Range 


Flour  (Cake) 

Salt 

Shortening 
Skim  Milk  Solids 
Baking  Powder 
Egg  (Whole) 

Water 

Sugar  (to  make  100  per  cent) 


Formula  Weight,  Per  cent 
22.  -  23. 

0.5  -  .75 

8.  -  11. 

9  _  9 

1.25-  1.25 

10.  -  14. 

24.5  -  22.5 
31.75-  24.5 


100.00  100.00 
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The  water  factor  ’  in  the  above  formula  is  30  to  33  per  cent  and  in¬ 
cludes  the  water  added  as  such,  or  as  liquid  milk,  plus  the  moisture  content 
of  the  eggs  used.  Frozen  whole  eggs  contain  about  74  per  cent  moisture. 

A  similar  formula  range  holds  true  for  white  layer  cake,  except  that 
cg§  whites  aie  used  because  of  lack  of  yellow  color.  Up  to  two  per  cent 
of  whole  egg  can  be  used  without  noticeable  color  change.  Since  egg 
white  contains  mostly  albumin  protein,  it  has  less  structural  strength  than 
whole  egg,  and  therefore  needs  to  be  used  in  somewhat  larger  percentages, 
or  12  to  16  per  cent.  The  egg  white  also  contains  more  water  than  whole 
egg  or  egg  yolk,  so  the  added  liquid  is  reduced  in  the  white  cake  formula. 

When  cocoa  is  used  in  devils  food  cake  for  example,  less  flour  is  used 
to  compensate  for  the  toughening  action  of  the  4  to  6  per  cent  cocoa. 
Chocolate  adds  tenderizing  action  by  virtue  of  its  higher  fat  content.  The 
formula  balance  concept  may  be  carried  over  to  each  type  of  cake  when 
the  ranges  of  ingredients  have  been  established  by  careful  laboratory 
study. 

Mixing  Cake  Batters 

The  critical  factor  in  batch  mixing  for  layer  cake  types  is  aeration.  The 
objective  is  to  get  a  maximum  incorporation  of  air  in  the  fat.  Flour  that 
has  been  well  aerated  by  thorough  sifting,  along  with  dry  milk  and  baking 
powder,  sugar  and  shortening  are  placed  in  the  cake  mixing  bowl  with 
approximately  15  to  16  per  cent  of  the  liquid.  Mixing  is  started  at  low 
speed  for  1  to  2  minutes  and  continued  at  second  or  medium  speed  for 
another  4  to  5  minutes.  Care  is  taken  to  use  enough  water  to  begin 
hydration  of  the  flour  and  promote  a  homogeneous  mass,  but  not  enough 
to  dissolve  much  of  the  sugar,  because  the  sugar  crystals  aid  in  cutting  air 
into  the  mass  for  retention  in  the  fat.  Repeated  sifting  or  aeration  of  the 
flour  before  mixing  helps  greatly  in  carrying  more  air  into  the  mixing  mass. 

The  temperature  is  important  and  should  not  be  allowed  to  lise  much 
above  72°  to  80° F.  during  the  first  or  creaming  stage.  Similarly,  best 
mixing  results  will  be  obtained  where  the  finished  batter  does  not  exceed 
70°  to  72°F.  The  finished  batter  temperature  is  easily  controlled  by 
adjusting  the  temperature  of  the  eggs  and  water  used  in  the  batter  stage 
of  mixing.  The  temperature  coefficient  of  friction  in  the  mixing  process  is 

also  taken  into  account  in  temperature  adjustment. 

The  mixing  is  completed  by  the  addition  of  the  eggs,  and  their  thoroug  i 
incorporation  in  several  parts,  with  final  addition  of  the  remaining  water 
and  flavoring.  Mixing  is  continued  at  medium  speed  for  another  4  to  5 
minutes,  scraping  clown  the  howl  to  make  sure  of  thorough  distribution 
of  the  sugar  or  batter  in  the  bottom  of  the  bowl,  until  the  finished  batter 
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is  smooth  and  homogeneous.  Excessive  beating  or  high  speed  ag 
will  not  increase  the  aeration  in  the  shortening  but  only  serve  to  beat  out 
part  of  the  air  already  entrapped  in  the  mix. 


Courtesy  of  American  Machine  and  Foundry  Co. 


Fig.  68.  Batch  Mixer  for  Cake  Batters  Shown  Here  Has  a 
Bowl  Capacity  of  340  Quarts  of  Batter 


Rapid  proximate  measurement  of  the  specific  gravity  near  completion 
of  the  mixing  will  indicate  the  proper  degree  of  aeration  and  serve  to  check 
against  the  uniformity  of  successive  batches. 

Continuous  Cake  Mixing 

In  contrast  to  the  conventional  batch  mixing  methods  described  above, 
a  new  mechanical  system  of  rapid  mixing  has  been  developed  and  is 
widely  used  for  continuous  large  scale  cake  production. 

In  place  of  the  creaming  stage  and  secondary  mixing  procedure,  all 
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ingredients  are  placed  in  a  mixing  bowl  and  mixed  only  to  a  homogeneous 
slurry.  I  his  preliminary  mix  is  pumped  directly  to  the  emulsifying  type 
of  mixer,  with  a  stream  of  air  under  pressure.  The  high  speed  action  of 
the  mixing  rotor  forces  the  air  into  the  batter  in  fine  bubbles  and  the 
battei  is  then  flowed  directly  into  the  depositor  for  panning  and  baking. 
Almost  any  type  of  cake  can  be  produced  by  this  method,  with  character¬ 
istics  of  greater  stability,  uniformity  and  fine  cell  structure.  It  has  facili¬ 
tated  continuous  production  of  angel  food  and  sponge  type  cakes  and  is 
valuable  in  preparing  such  products  as  marshmallow  cream  and  other 
fillings  and  toppings. 


Baking 


When  mixing  is  completed,  the  cake  batter  is  deposited  in  suitable  pans 
that  have  been  prepared  with  treated  paper  or  grease  to  prevent  sticking, 
and  baked  immediately  at  a  temperature  of  about  350°F.  for  approxi¬ 
mately  20  minutes. 

As  the  temperature  of  the  batter  rises,  the  fat  is  melted  and  the  carbon 
dioxide  gas  is  released  by  reaction  of  the  baking  powder.  Combination 
type  baking  powders  are  used  that  give  up  their  gas  only  after  tempera¬ 
tures  have  risen  to  considerably  above  room  temperature  and  the  cake 
structure  is  ready  to  accommodate  the  rapid  leavening  action.  The  in¬ 
creasing  pressure  of  the  carbon  dioxide  and  water  vapor  in  the  air  bubbles 
contained  in  the  fat  phase  of  the  batter  causes  them  to  expand  rapidly 
with  a  pushing  and  pulling  sort  of  turbulence  that  opens  up  the  cell 
structure.  Some  of  the  gas  phase  is  lost  through  the  batter,  until  the 
temperature  reaches  the  point  where  the  egg  proteins  and  the  flour  pro¬ 
teins  begin  to  set  up.  The  cake  continues  to  expand  and  rises  in  the  pan 
until  baking  is  almost  completed,  usually  in  18  to  20  minutes. 

The  turbulence  is  noticeable  on  the  surface  of  the  batter  during  the 


first  half  of  the  baking  period  as  it  moves  in  from  the  outside  edge  of  the 
pan  toward  the  center.  It  is  usually  stopped  about  one-third  of  the  dis¬ 
tance  to  the  center,  but  the  cake  continues  to  rise  nearly  uniformly,  with  a 
slightly  rounded  top  higher  in  the  center.  Further  heat  browns  the  crust 
and  dries  out  the  cake  layer  to  the  point  where  the  volume  would  di¬ 
minish  if  left  in  the  oven.  Layer  cakes  usually  recede  somewhat  (con¬ 
tract)  in  volume  when  fully  baked.  The  layers  can  be  removed  from  the 
pans  as  soon  as  they  cool  enough  to  handle,  and  exhibit  their  lightest  and 
most  tender  characteristics  at  that  point.  The  baking  rate  is  most  impor¬ 
tant  in  obtaining  a  light  and  tender  layer  with  a  slightly  rounded  top  and 
desirable  crust  color.  Layers  exhibit  definite  faults,  both  inside  and  out¬ 
side,  when  baking  temperatures  are  too  high  or  too  low. 
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Courtesy  of  American  Machine  and  Foundry  Co. 

Fig.  69.  Continuous  Mixer  for  Cake  Batters 

I  his  continuous  cake  mixer  produces  approximately  4000  lbs.  of 
cake  batter  per  hour  ready  for  depositing  in  pans  and  baking. 


1  he  introduction  of  special  shortenings  containing  emulsifiers  enabled 
the  baker  to  increase  greatly  the  ratio  of  sugar  and  shortening  used  and 
by  the  proper  adjustment  of  the  formula  balance  and  layer  type  cakes  can 
be  made  as  light  and  tender  as  desired,  to  the  point  where  they  cannot 
be  handled  commercially. 

In  the  larger  cake  baking  plants,  use  is  made  of  larger  batch,  vertical 
cake  mixers,  and  depositing  machines  to  place  the  proper  volume  of  batter 
m  the  pans.  Other  machines  are  utilized,  such  as  for  automatic  icing, 
cake  cutting,  and  wrapping  or  boxing. 

Foam-Type  Cakes 

Thftf°T'tiyPe  CakeS  have  increased  raPid>y  in  popularity,  particularly 
angel  food  cakes,  with  sponge  cakes  and  chiffon  cakes  also  gaining  in  sales 
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volume.  The  larger  commercial  cake  bakeries  tend  to  concentrate  more 
of  their  production  on  small  items  that  package  well  and  are  easily 
handled  in  the  store.  The  American  housewife  has  not  yet  given  over 
her  cake  business  to  the  baker  as  she  has  her  bread  baking,  and  the  po¬ 
tential  market  for  cakes  is  therefore  great  when  her  taste  and  convenience 
can  be  satisfied.  A  significant  share  of  the  market  for  cakes  and  other 
sweet  baked  products  is  being  captured  by  the  prepared  mixes  that  are 
now  so  conveniently  available  and  answer  the  consumer’s  desire  to  “do 
it  yourself.” 


PIES 

The  dough  making  process  for  the  baking  of  pies  is  comparatively 
simple,  since  no  yeast  fermentation  or  chemical  leavening  are  required. 
A  suitable  soft  flour  of  medium  low  protein  content  is  preferred,  un¬ 
bleached,  for  pie  crusts. 

To  the  flour  in  a  slow  speed  mixer  is  added  from  50  to  70  per  cent  of 
its  weight  of  lard  or  other  non-emulsified  shortening  and  just  enough  cold 
(ice)  water  to  partially  hydrate  the  gluten.  The  shortening  mass  is 
mixed,  or  cut  in,  with  a  minimum  number  of  turns  to  hold  the  dough 
together,  or  until  the  plastic  shortening  has  been  broken  down  to  pieces 
the  size  of  walnuts.  This  incompletely  mixed  mass  is  then  removed  and 
folded  over  and  placed  in  a  cold  room  at  40°  to  50°F.  overnight.  During 
that  period  of  time  the  gluten  of  the  flour  “mellows”  or  softens  as  it  ab¬ 
sorbs  water  with  more  uniform  hydration.  The  dough  is  then  ready  for 
rolling  to  crust  thickness  and  placing  in  the  pan  ready  for  the  fillings. 

The  above  procedure  produces  a  flaky  type  of  pie  crust,  as  the  rolling 
procedure  striates  the  shortening  into  layers  with  the  softened  flour 
dough.  Should  the  baker  prefer  a  mealy  pie  crust,  it  is  only  necessary 
to  carry  the  original  mixing  nearer  to  completion  and  reduce  the  particles 
of  shortening  to  the  size  of  peas  or  smaller. 

Many  variations  of  the  basic  formula  and  method  are  used  by  bakers 
who  specialize  in  pie  manufacture.  Sometimes  a  small  amount  of  sugar 
is  added  to  give  a  darker  color  to  the  crust  and  add  flavor.  Dry  milk 
is  sometimes  used,  and  even  a  little  baking  powder  may  be  added  to 
some  crusts  for  added  lightness.  Crust  with  somewhat  different  character¬ 
istics  are  preferred  for  different  types  of  pie  fillings. 

The  wide  variety  of  pies  that  find  favor  in  different  markets  can  he 
generally  classified  as  fruit-filled  and  custard-  or  cream-filled,  which  re¬ 
quire  special  preparation  of  the  fillings  and  baking,  or  the  starch  pudding 
type  fillers,  and  the  chiffons,  that  are  added  to  the  baked  and  cooled  pie 

shells. 
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A  number  of  special  pie  machines  are  utilized  in  the  larger  commercial 
pic  plants  to  reduce  hand  labor  and  speed  production. 

Freezing  of  unbaked  pies  has  enabled  bakers  to  produce  ahead  of  de¬ 
mand  and  hold  until  they  are  needed.  Frozen  pies  may  be  allowed  to 
thaw  out  and  then  baked,  or  placed  in  the  oven  directly  and  baked. 
Some  consumer  demand  has  also  been  developed  for  frozen  pies  sold 
through  the  grocers  freezing  cabinet,  either  unbaked  or  baked  and  frozen. 
Details  of  frozen  pie  production  have  been  described  by  Tressler  and 
Evers  ( 1957 ) . 

The  freezer  cabinet  or  walk-in  freezing  room  has  given  the  retail  and 
variety  baker  an  economic  advantage  because  many  types  of  baked  prod¬ 
ucts,  sweet  rolls,  coffee  cakes,  layer  or  box  cakes,  and  pies  may  be  quick 
frozen  and  held  for  days  or  weeks  until  ready  for  sale.  This  procedure 
has  greatly  reduced  the  stale  loss  from  oversupply  and  reduced  the  long 
hours  of  overtime  baking  preceding  special  holidays  and  weekends.  Prod¬ 
ucts  may  be  made  up  in  advance  during  slack  days  for  frozen  inventory. 

MODERN  TRENDS  IN  BAKING 

The  modern  trend  of  bringing  all  control  factors  at  various  steps  of  the 
baking  process  into  one  central  panel  for  observation  and  control  requires 
at  least  one  person  in  the  plant  who  knows,  and  understands  the  funda¬ 
mentals  of  the  operation,  to  maintain  successful  production.  The  lack  of 
such  experienced,  trained  technologists  has  already  cost  the  baking  indus¬ 
try  millions  of  dollars  in  experimentation  and  product  failures. 

The  next  development,  that  of  subjecting  every  control  factor  at  every 
step  in  the  baking  process  to  a  predetermined  set  of  conditions  within  an 
electronic  brain  type  of  computer  and  activator,  is  currently  in  process  of 
experimentation  (Gemmill  1956).  It  remains  to  be  seen  whether  auto¬ 
mation  can  be  made  so  complete  that  instrumentation  will  record  and 
correct  all  the  complex  and  simultaneous  conditions  from  the  original 
ingredients  clear  through  to  the  finished  product.  It  has  been  estimated 
that  more  than  a  hundred  variables  would  have  to  be  so  controlled  in 
bread  manufacture.  In  spite  of  the  difficulties,  the  advantages  of  such  a 
process  are  obviously  so  great  that  success  will  ultimately  be  achieved. 
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CHAPTER  11 


Charles  M.  and 
William  G.  Hoskins 


Macaroni  Production 


Macaroni  is  a  generic  term  covering  a  wide  variety  of  products  some¬ 
times  termed  alimentary  pastes,  which  includes  the  common  items  of 
macaroni,  spaghetti  and  egg  noodles,  plus  a  whole  range  of  other  prod¬ 
ucts  of  various  shapes  and  sizes  obtained  by  adding  special  ingredients  or 
by  using  special  forming  techniques.  Macaroni  products  are  widely 
known  and  widely  used.  In  the  United  States,  they  are  one  of  the  few 
products  made  from  flour  that  have  enjoyed  an  increasing  per  capita  con¬ 
sumption.  In  the  year  1937,  the  per  capita  consumption  was  5.1  lbs.  and 
in  1957,  6.7  lbs.  Canada  has  a  record  of  increasing  per  capita  consump¬ 
tion  that  is  greater  percentage- wise  than  the  United  States  over  the 
same  years.  Reports  from  Italy  indicate  per  capita  consumption  vary¬ 
ing  from  20  to  60  lbs.  per  person  per  year,  depending  on  the  part  of  the 
country.  Consumption  of  the  various  macaroni  shapes  in  the  United 
States  is  approximately  as  follows:  35  per  cent  long  goods;  35  per  cent 
short  cuts  such  as  elbows,  shells,  etc.;  20  per  cent  noodles;  and  10  per  cent 
specialties  such  as  bow  ties,  rigatoni,  tufoli,  and  mafalda. 

In  the  United  States,  the  Food  and  Drug  Administration  has  published 
a  Standard  of  Identity  (Anon.  1953)  for  macaroni  products  which  estab¬ 
lishes  ingredients  and  labelling  requirements  for  the  products.  These 
Standards  represent  practices  which  are  more  or  less  common  in  other 
countries  of  the  world  as  well  as  in  the  United  States.  Ingredients  per¬ 
mitted  by  the  Standards  are— for  the  basic  raw  material— semolina,  durum 
flour,  farina,  flour,  or  any  combination  of  two  or  more  of  these  with 
water.  Permitted  optional  ingredients  are  egg  white  solids  from  0.5  per 
cent  to  2.0  per  cent  of  the  weight  of  the  finished  food,  disodium  phos¬ 
phate,  onions,  celery,  garlic,  bay  leaf,  salt  or  other  seasonings.  Gum 
gluten  can  be  added  in  such  quantities  that  the  protein  content  of  the 
finished  food  is  not  more  than  13  per  cent  by  weight.  Milk  macaroni  is 
permitted  by  the  Standards,  but  rarely  made.  The  same  is  true  of  whole 
wheat  macaroni,  soy  macaroni  and  vegetable  macaroni  products  which  aie 
prepared  by  the  addition  of  such  things  as  tomatoes  and  spinach. 

Eggs  can  be  added  to  macaroni  products  in  which  case  they  become 
either  egg  macaroni  or  noodles.  Noodles  are  defined  as  the  product 
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which  is  formed  in  ribbon  shape  and  which  contains  not  less  than  5.5  per 
cent  by  weight  of  the  solids  of  egg  or  egg  yolk  as  a  percentage  o  ic  o  a 

solids  of  the  noodle  product.  _  .  . 

Enriched  macaroni  and  noodles  are  in  widespread  use.  Enrichmen  is 

obtained  by  adding  to  each  pound  not  less  than  4  mg.  and  not  more  than 
5  mg.  of  thiamin,  not  less  than  1.7  mg.  and  not  more  than  2.2  mg.  of  ribo¬ 
flavin,  not  less  than  27  mg.  and  not  more  than  34  mg.  of  niacin  or  niacin- 


Courtesy  of  Durum  Wheat  Institute 


Fig.  71.  Typical  Macaroni  and  Noodle  Shapes 


amide,  and  not  less  than  13  mg.  and  not  more  than  16.5  mg.  of  iron.  En¬ 
richment  can  be  put  in  through  synthetic  mixtures  or  yeast.  The  re¬ 
quired  amounts  of  thiamin,  riboflavin  and  niacin  are  higher  than  the 
corresponding  requirements  for  bread  flour  to  compensate  for  loss  in  the 
discarded  cooking  water.  Macaroni  products  are  made  in  a  great  variety 
of  shapes.  Some  manufacturers  regularly  manufacture  more  than  70 

different  shapes  which  obtain  their  value  from  providing  variety  and  in¬ 
terest  to  meals. 

There  are  so  many  shapes  and  sizes  that  no  official  standard  dimensions 
are  available  for  most.  However,  the  Standard  of  Identity  makes  cer- 
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tain  definitions  that  are  of  interest.  Macaroni,  according  to  the  standard, 
is  the  macaroni  product,  the  units  of  which  are  tube-shaped,  hollow,  and 
more  than  0.11  inch,  but  not  more  than  0.27  inch  in  diameter.  Spaghetti 
is  the  macaroni  product,  the  units  of  which  are  cord-shaped  (not  tubular) 
and  more  than  0.06  inch,  but  not  more  than  0.11  inch  in  diameter.  Ver¬ 
micelli  is  the  macaroni  product,  the  units  of  which  are  cord-shaped  (not 
tubular)  are  not  more  than  0.06  inch  in  diameter. 

RAW  MATERIALS 

The  ideal  raw  material  for  making  macaroni  products  should  lend  it¬ 
self  to  easy  processing  on  macaroni  presses  and  in  driers  to  yield  a  smooth 
and -mechanically  strong  product  of  uniform  color.  When  the  product 
is  cooked  in  boiling  water,  it  should  maintain  its  shape  without  falling 
apart  or  splitting  and  should  cook  to  a  firm  consistency  free  from  a  slimy, 
sticky  surface  film.  The  cooking  water  should  be  relatively  free  of  starch 
and  the  product  should  be  resistant  to  disintegration  due  to  overcooking. 
It  is  generally  believed  that  durum  products,  and  particularly  durum 
semolina,  come  closest  to  satisfying  these  requirements.  This  opinion  is 
confirmed  by  the  fact  that  most  macaroni  manufacturers  will  use  durum 
when  it  is  available  and  that  the  per  capita  consumption  of  macaroni  de¬ 
creased  in  the  United  States  when  durum  crops  were  destroyed  by  stem 
rust  and  increased  as  soon  as  durum  was  again  available  in  large  quanti¬ 
ties.  Because  macaroni  products  made  from  durum  have  a  characteristic 
yellow  color,  this  color  has  become  associated  with  good  quality  and 
much  effort  in  plant  breeding  and  manufacturing  procedure  has  been 
directed  toward  increasing  the  uniformity  and  intensity  of  the  yellow 
color  of  macaroni. 

Durum  wheats  were  originally  grown  in  Russia  in  a  cold,  dry  climate. 
They  were  imported  to  the  United  States  by  Carleton,  a  U.  S.  Department 
of  Agriculture  scientist  who  has  been  called  the  father  of  durum  breeding 
and  improvement,  and  for  many  years  the  two  varieties  Kubanka  and 
Mindum  were  widely  used.  The  varieties  Carleton  and  Stewart  were 
developed  from  these  varieties  to  resist  the  prevalent  races  of  stem  rust 
and  were  in  use  for  many  years.  However,  in  1954  the  new  race  15B 
of  stem  rust,  which  had  begun  its  depredations  in  1950,  practically  de¬ 
stroyed  the  durum  crop.  All-out  effort  on  the  development  and  distribu¬ 
tion  of  rust-resistant  varieties,  enabled  the  growers  to  plant  a  full  crop  of 
durum  resistant  to  the  15B  variety  of  rust  in  1957.  The  new  varieties  were 
chiefly  Langdon  and  Ramsey  although  some  Towner  and  Yuma  were  also 
planted.  During  the  period  when  durum  was  not  available,  blends  ot 
durum  and  hard  red  wheat  in  percentages  from  50  per  cent  to  100  per 
cent  hard  wheat  were  used  to  make  macaroni. 
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Until  the  15B  rust  disaster  nearly  destroyed  the  durum  crop,  the  Ameri 
can  macaroni  industry  had  an  ample  supply  of  a  very  good  grade  of 
durum.  For  this  reason  the  amount  of  basic  research  into  the  properties 
of  durum  wheat  has  been  very  much  less  than  the  amount  of  research  that 
has  gone  into  the  properties  of  other  types  of  wheat.  However,  certain 
things  have  been  determined. 

The  durum  wheat  kernel  is  very  hard  and  both  the  endosperm  and  the 
individual  starch  kernels  are  translucent.  It  is  high  in  carotenoid  pig¬ 
ments,  particularly  xanthophyll  and  taraxanthin.  This  hardness  and 
translucency  is  apparently  dependent  on  the  durum  being  grown  in  a  dry 
climate  such  as  exists  in  the  Dakotas  and  in  western  Minnesota. 

In  commercially  milled  wheat  Hours,  the  percentage  of  starch  granules 
damaged  mechanically  during  milling  to  flour  varies  directly  with  the 
hardness  of  the  grain.  In  soft  wheat,  1  to  2  per  cent  of  the  starch  granules 
are  damaged;  in  hard  wheat  flour,  from  3  to  4  per  cent,  while  in  durum 
flour,  from  6  to  8  per  cent  are  damaged.  The  starch  of  durum  wheat  is 
more  subject  to  amylase  attack  than  the  starch  of  common  wheats.  This 
may  be  due  to  the  fact  that  the  durum  starch  granules  are  more  damaged 
during  milling  than  is  the  case  with  common  wheats.  The  swelling  ca¬ 
pacity  of  durum  starch  is  greater  than  that  of  hard  red  spring  wheat.  The 
sugar  content  of  durum  flours  is  somewhat  higher  than  that  of  other 
wheat  flours. 

The  gluten  of  durum  wheat  has  different  characteristics  from  that  of 
bread  wheat.  In  the  dry  state,  this  results  in  a  very  hard  endosperm 
which  is  much  harder  than  the  common  hard  wheats.  However,  when  a 
dough  is  made  from  durum  semolina  or  flour,  it  is  not  so  tough  or  elastic 
as  dough  made  from  hard  wheat.  The  durum  dough  will  extrude  through 
a  small  hole  at  lower  pressure  than  hard  wheat  dough.  When  durum  is 
made  into  bread,  the  loaf  volume  is  much  less  than  the  loaf  volume  with 
hard  wheat  flours.  When  durum  gluten  balls  are  dried  in  an  air  oven  for 
testing  the  per  cent  gluten  in  flour,  the  volume  will  be  much  less  than  the 
volume  of  the  gluten  ball  of  hard  wheat  dried  in  this  same  oven.  Hard 
wheat  flour  and  farina  will  make  an  acceptable  macaroni  product,  but 
the  color  is  not  so  yellow  as  the  color  of  the  durum  product;  the  prod¬ 
uct  is  not  so  resistant  to  overcooking  and  it  apparently  does  not  have  so 
desirable  a  taste  as  durum.  However,  if  it  is  cooked  to  precisely  the  cor¬ 
rect  consistency  and  served  with  a  good  sauce,  it  is  a  good  food.  Further 
reseaich  on  the  properties  of  the  gluten  of  durum  wheat  (as  opposed  to 
other  wheats )  would  be  desirable. 

Durum  semolina,  durum  granular  and  durum  flour  are  the  three  gen¬ 
eral  classes  of  durum  products  used  for  making  macaroni.  Durum  semo- 

ma  1S  tlle  purified  middlings  of  durum  wheat  ground  so  that  all  of  the 
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product  passes  a  No.  20  U.  S.  sieve  and  not  more  than  three  per  cent 
passes  through  a  No.  100  U.  S.  sieve.  The  durum  granular  product  is  a 
semolina  to  which  flour  has  been  added  so  that  about  7  per  cent  to  20 
pei  cent  passes  through  the  No.  100  sieve.  Flour  is  a  product  all  of  which 
passes  through  a  No.  100  sieve. 

I1  lour  makes  a  dry  macaroni  which  is  mechanically  very  resistant  to 
breakage,  smooth  and  of  a  clear  yellow  color.  The  dry  semolina  product 
is  not  quite  so  strong  mechanically  and  not  quite  so  uniform  in  color.  It 
can  be  identified  by  the  presence  of  bran  specks  which  are  visible  to  the 
naked  eye.  The  semolina  product  takes  longer  to  cook  and  is  more  re¬ 
sistant  to  overcooking  than  the  flour  product  and  causes  less  cloudiness 
in  the  cooking  water.  Durum  granular  and  blends  of  semolina  and  flour 
have  properties  intermediate  between  flour  and  semolina.  Granular  and 
semolina  are  somewhat  more  desirable  for  use  in  a  macaroni  plant  be¬ 
cause  they  flow  from  bins  into  the  continuous  press  more  evenly  and  with 
less  trouble  from  bridging  in  bin  outlets.  The  water  absorption  of  flour 
is  greater  than  that  of  semolina  so  that  flour  products  require  more  dry¬ 
ing  time  than  semolina  products.  There  is  more  slippage  in  the  extru¬ 
sion  screw  of  continuous  presses  when  flour  is  used  so  that  production  is 
decreased  by  the  use  of  flour. 


Effect  of  Growing  Conditions  on  the  Raw  Material 

Growing  conditions  to  which  the  crop  is  subjected  can  have  an  im¬ 
portant  influence  on  the  macaroni-making  qualities  of  the  flour  made 
from  that  wheat.  While  it  is  not  necessarily  true  that  the  amount  of 
protein  in  a  wheat  is  a  direct  measure  of  the  quality  of  the  resultant 
macaroni,  still  the  amount  of  protein  and  its  quality  are  vitally  important. 

Proteins  are  the  principle  nitrogen-containing  compounds  of  the  wheat 
kernel,  and  consequently,  of  the  flour.  The  primary  factor  causing  the 
difference  in  protein  content  is  the  difference  in  environment  affecting  the 
nitrogen  nutrition  of  the  wheat  plant.  Any  factors  of  soil,  general  climate 
or  season  which  limit  the  amount  of  nitrogen  available  to  the  plant  during 
the  grain  formation  and  maturation  period  reduce  the  protein  content 
of  the  grain.  Nitrogen  utilized  by  the  plant  before  heading  and  blossom¬ 
ing  is  reflected  in  total  yield.  It  used  to  be  thought  that  the  wheat  plant 
took  up  nitrogen  early  in  its  growth  and  that  subsequent  development 
depended  on  this  supply.  It  is  now  known  that  the  plant  is  actively 
functioning  and  that  nitrogen  taken  up  even  after  vegetative  require¬ 
ments  are  met  is  deposited  in  the  grain  itself. 

The  amount  and  timing  of  rainfall  influences  nitrogen  available  to  the 
plant.  If  the  rainfall  is  abundant  in  the  early  stages  of  vegetation  ant 
inadequate  later  on,  there  could  be  a  deficiency  in  the  protein  content  of 
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the  wheat  kernel.  Excessive  rain  at  any  time  could  result  in  leading  of 
from  the  soil.  The  location  of  nitrates  in  the  soil  is  a  factor 
protein  content.  The  time  and  quantity  of  rainfall  can  remove  the  ac¬ 
cumulated  nitrate  supply  to  a  point  in  the  soil  where  it  cannot  be  read 

b>As1  wL^podted  out  earlier,  it  is  not  necessarily  true  that  macaroni¬ 
making  quality  is  directly  proportional  to  the  quantity  of  pro  ein  m 
flour.  If  the  protein  represents  a  gluten  that  is  desirable,  t  ien,  o  cours  , 
higher  protein  may  give  a  better  macaroni  product. 


Effect  of  Blight  Damage 

Blight  and  related  forms  of  damage  can  have  an  influence  on  the  quality 
of  semolina  and  the  macaroni  made  therefrom.  Blight  is  particularly  pre¬ 
valent  in  wet,  cloudy  harvest  seasons.  Experiments  have  been  per¬ 
formed  in  which  carefully  prepared  experimental  blends  containing 
graduated  proportions  of  light  and  heavily  damaged  kernels  were  milled 
and  the  resulting  semolina  processed  into  macaroni.  It  was  found  that 
ten  per  cent  of  lightly  damaged  kernels  with  discoloration  evident  only 
at  the  tip  was  without  detrimental  effect,  while  25  per  cent  did  not  greatly 
lower  the  color  or  increase  semolina  speckiness.  Over  50  per  cent  by 
weight  would  be  extremely  bad  to  use  in  the  mill  mix.  The  influence  of 
heavily  damaged  kernels  with  visible  injury  in  the  crease  and  other  por¬ 
tions  of  the  kernel  was  more  marked.  Even  five  per  cent  of  such  grains 
significantly  increased  the  number  of  specks  in  the  semolina  and  de¬ 
creased  macaroni  color,  while  ten  per  cent  was  very  detrimental. 


Sprout  Damage 

Some  experimental  work  has  been  done  on  sprouted  wheat  to  deter¬ 
mine  the  effect  on  macaroni-making  qualities.  In  one  experiment,  sam¬ 
ples  of  sound,  hard  amber  durum  wheat  were  sprouted  under  approxi¬ 
mately  uniform  conditions  for  varying  lengths  of  time  to  obtain  three 
distinct  stages  of  sprouting.  These  three  “stages  were  defined  by  length 
of  sprout  obtained.  Each  of  the  stages  was  then  blended  in  various  pro¬ 
portions  by  weight  with  the  original  sound  wheat  to  obtain  mixes  for 
experimental  milling. 

Sprouting  apparently  had  no  effect  on  the  ease  of  milling,  but  proper¬ 
ties  of  the  dough  during  macaroni  processing  were  affected.  Those  made 
from  blends  containing  a  high  percentage  of  badly  sprouted  wheat  were 
crumbly  and  short,”  but  after  the  customary  amount  of  kneading  in 
batch  equipment  did  have  normal  consistency.  Semolina  yield  was  re¬ 
duced  when  more  than  20  per  cent  of  sprouted  wheat  was  included  in 
tie  blend.  Diastatic  activity  of  the  semolina  was  greatly  influenced  by 
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the  proportion  of  sprouted  wheat  in  the  blend  and  by  degree  of  sprout, 
while  absorption  was  generally  lowered  by  sprout  damage. 

Macaroni  color  was  markedly  decreased  by  increased  sprouting  and 
there  was  a  highly  significant  negative  relationship  between  diastatic  ac¬ 
tivity  and  color.  Ten  per  cent  blends  of  the  second  and  third  sprouted 
stages  had  more  effect  on  both  these  properties  than  100  per  cent  of 
stage  one.  Five  per  cent  of  heavy  damage  reduced  the  color  score  40 
per  cent.  Semolina  from  wheat  at  the  first  stage  of  sprouting  noticeably 
affected  color  at  20  per  cent  concentration.  It  appeared  from  the  data 
secured  in  the  study  that  the  length  of  the  sprout  is  more  important  than 
the  amount  of  sprouted  kernels  present. 

The  first  large  crop  of  durum  grown  from  the  varieties  resistant  to  15B 
stem  rust  was  harvested  in  1957.  Continuous  wet  weather  toward  the 
end  of  the  crop  year  resulted  in  large  quantities  of  sprouted  wheat.  Most 
of  the  wheat  with  a  large  mixture  of  sprout  in  it  was  made  into  flour  be¬ 
cause  the  yield  of  this  wheat  in  granular  and  semolina  was  too  low.  This 
flour  made  the  operation  of  the  continuous  mixers  very  difficult  because 
very  slight  changes  in  moisture  content  would  cause  the  dough  to  be¬ 
come  sticky  and  form  large  lumps  which  would  not  feed  into  the  extru¬ 
sion  screw  properly.  Noodles  made  from  the  sprouted  wheat  were  so 
sticky  that  difficulty  was  experienced  in  drying  due  to  the  formation  of 
lumps.  Because  the  dough  was  very  sensitive  to  temperature  changes, 
the  extrusion  rates  in  continuous  long  good  spreaders  varied  consider¬ 
ably  across  the  length  of  the  die,  so  that  the  extrusion  pattern  was  uneven. 
Before  the  sprouted  wheat  came  into  use,  a  spreader  could  he  made  to 
yield  a  stick  containing  no  short  strands  after  10  per  cent  to  12  per  cent 
trimming.  With  the  sprouted  wheat  flour,  the  amount  of  trim  was  in¬ 
creased  to  as  much  as  35  per  cent.  These  trimmings  are  returned  to  the 
mixer  and  reprocessed  so  that  the  production  of  the  press  is  seriously  re¬ 
duced  by  the  sprouted  wheat.  The  difficulty  may  have  been  caused  by 
the  softening  of  dough  due  to  diastatic  activity,  which  is  enhanced  by 
heat,  or  it  may  have  been  due  to  the  general  softening  of  the  dough  which 
heating  produces  even  in  the  absence  of  diastatic  activity.  The  heating 
of  the  dough  occurs  in  the  tubes  leading  to  the  spreader  and  is  due  to 
friction.  The  uneven  extrusion  is  probably  due  to  the  fact  that  more 
friction  occurs  at  the  surface  of  the  tube,  heating  some  parts  of  the  dough 
more  than  others. 


Eggs  for  Noodles 

The  only  other  major  raw  material  besides  flour  or  semolina  used  in 
macaroni  products  is  eggs.  U.  S.  Standards  of  Identity  require  that  any¬ 
thing  called  noodles  or  egg  spaghetti,  egg  macaroni,  etc.,  must  contain 
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5.5  per  cent  of  the  solids  of  eggs  as  a  per  cent  of  the  total  solids  in  the 
finished  product  (Anon.  1953).  These  egg  solids  can  be  put  into  the 
product  by  the  addition  of  frozen  yolks,  dried  yolks,  frozen  whole  eggs, 
dried  whole  eggs,  or  fresh  whole  eggs  or  yolks..  However,  it  is  the  prac¬ 
tice  in  the  United  States  to  use  dark-colored  yolks  with  an  NhPA  coloi 
score  of  4.0  to  5.0  or  a  carotenoid  pigment  color  of  as  high  as  75  or  80 
p.p.m.  Frozen  yolks  are  most  commonly  used  for  this  purpose  although 
a  number  of  manufacturers  are  using  spray-dried  yolks. 

Between  1945  and  1958  it  became  increasingly  more  difficult  to  obtain 
an  adequate  supply  of  dark-colored  yolks.  A  tendency  was  noted  in  the 
United  States  for  poultry  men  to  grow  larger  flocks  of  chickens  and  to 
keep  them  inside  buildings  on  prepared  feeds.  Part  of  the  reason  for 
this,  beside  the  productivity  factor,  was  that  light-colored  yolks  were 
preferred  for  table  use,  by  far  the  largest  market  for  egg  products.  Dark 
color  in  eggs  is  obtained  when  chickens  are  fed  outdoors  on  natural  feed. 
It  appears  to  be  related  to  the  consumption  of  large  amounts  of  plant 
pigments.  This  meant  that  the  dark-colored  yolks  were  available  only  in 
the  springtime  when  flocks  were  normally  turned  outside,  and  a  diminish¬ 
ing  number  of  farmers  were  following  this  practice. 

Methods  of  spray-drying  egg  yolks  have  improved  greatly  in  the  pe¬ 
riod  since  World  War  II.  Both  taste  and  color  retention  have  been  good 
and  this  has  resulted  in  a  more  widespread  usage  of  spray-dried  yolks 
for  making  noodles.  One  of  the  advantages  of  dried  yolks  is  that  they 
can  be  measured  accurately  by  weight  into  a  dry  blender  for  blending 
with  the  correct  amount  of  noodle  flour.  There  is  also  the  advantage  of 
less  bulky  storage  and  the  elimination  of  the  need  for  refrigeration. 

Whole  eggs  are  infrequently  used  by  the  manufacturer  of  noodle  prod¬ 
ucts.  Despite  the  fact  that  egg  whites  add  something  to  the  strength  of 
the  product  and  its  ability  to  withstand  overcooking,  the  dilution  of  the 
natural  yolk  color  by  the  white  solids  results  in  a  poorer  finished  color  of 

the  noodle.  At  times,  though,  cost  considerations  encourage  the  use  of 
whole  eggs. 


THE  PRODUCTION  PROCESS 

Basically,  the  production  process  for  macaroni  products  (without  eggs) 
consists  of  adding  water  to  flour  or  semolina  in  such  quantity  as  to  pro¬ 
duce  a  mixture  of  31  per  cent  moisture,  mixing  these  ingredients  together 
for  a  short  period  of  time,  kneading  the  dough  to  obtain  a  plastic,  homo¬ 
geneous  mass  and  then  extruding  the  mass  through  dies  under  pressure 
m  such  a  way  that  the  product  comes  out  in  the  shapes  which  are  nor- 

rgedVnTsdd"  St°re  '1VeS'  pr°dllets  are  Pack- 
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Fig.  72.  Flow  Sheet  for  Noodles  and  Macaroni  Production 
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Until  about  1935  or  1940  most  macaroni  products  were  made  by  a 
batch  process.  That  is,  the  semolina  and  water  were  weighed  and  com¬ 
bined  in  a  mixer  of  about  300  lbs.  capacity.  The  mixer  was  operated  for 
approximately  ten  minutes  and  then  dumped  into  a  kneader  oi  gramola. 
The  loose  dough  was  compacted  in  the  kneader,  by  subjecting  it  to  hea\  > 
corrugated  rollers  which  bore  down  on  the  dough  as  it  passed  under  the 
rollers  in  a  rotating  pan.  Slabs  of  plastic  dough  were  cut  from  the 
kneader  and  placed  in  the  chamber  of  a  hydraulic  press.  Pressure  was 
then  brought  to  bear  on  the  dough  to  force  it  through  dies  at  the  bottom 
end  of  the  hydraulic  chamber.  Pressures  of  1500  to  3000  lbs.  per  sq.  in. 
on  the  dough  were  used. 

More  recently,  the  functions  of  mixing,  kneading  and  extruding  have 
been  combined  in  the  continuous  press.  The  continuous  press  is  now 
widely  used  throughout  the  world,  and  only  smaller  isolated  plants  still 
use  the  batch  process.  The  continuous  press  is  normally  equipped  with 
volumetric  feeders  which  provide  a  continuous  flow  of  semolina  and 
water  to  the  press  at  rates  of  200  to  1500  lbs.  of  flour  per  hour.  The 
continuous  mixers  are  equipped  with  horizontal  shafts  and  blades  that 
move  the  product  slowly  forward  while  mixing  the  dough.  At  the  end 
of  the  mixer,  the  dough  drops  into  a  specially  designed  auger  which  is 
in  a  tightly  sealed  cast  housing.  The  auger  moves  the  dough  forward 
and  at  the  same  time  compacts  it,  building  up  pressure  and  kneading  the 
dough  simultaneously  (see  Fig.  73). 

In  an  auger  extruder,  flow  occurs  through  a  channel  of  approximately 
rectangular  cross  section.  Two  sides  of  the  rectangle  are  formed  by  the 
leading  and  trailing  surfaces  of  the  auger  flight.  The  bottom  of  the 
rectangle  is  the  root  of  the  auger  while  the  top  is  the  inside  surface  of 
the  barrel  or  cylinder  in  which  the  auger  revolves.  The  auger  flights  may 
be  visualized  as  a  continuous  inclined  plane. 

The  mixed  dough  which  falls  into  the  auger  is  conveyed  forward  be¬ 
cause  of  the  relative  motion  between  the  auger  and  the  cylinder  wall 
when  the  auger  is  made  to  rotate.  The  rate  of  forward  motion  is  con¬ 
trolled  by  the  speed  of  rotation  of  the  auger.  This  relative  motion  causes 
the  leading  edge  of  the  auger  to  transmit  a  forward  force  to  the  mixed 
dough  parallel  to  the  direction  of  the  rectangular  channel.  This  con¬ 
veying  force  is  caused  by  the  viscous  drag  between  the  inner  surface  of 
the  cylinder  and  the  mixed  dough.  Acting  in  the  opposite  direction  is 
he  back  pressure  caused  by  the  die  restriction.  If  the  clearance  between 
he  edges  of  the  auger  flight  tips  and  the  cylinder  wall  surface  is  small 
dough  cannot  leak  back  between  them;  therefore,  the  forward  force  which 
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Fig.  73.  Press  for  Continuous  Manufacture  of  Short-Cut  Products  at 

Creamette  Co.,  Minneapolis 

Since  the  auger  is  not  capable  of  delivering  its  full  volumetric  capacity 
due  to  the  back  pressure  induced  by  the  die  restrictions,  a  kneading  action 
occurs.  That  is,  the  full  volumetric  capacity  of  the  auger  is  greater  than 
the  actual  amount  of  extruded  dough.  Therefore,  the  flights  ol  the  augei 
in  its  continuous  forward  motion  must  displace  the  compacted  doug  i 
the  cylinder,  causing  a  churning  action  which  results  in  kneadmg.  Due 
to  the  friction  caused  by  the  flow  of  the  dough  in  the  cylinder,  hea 
generated.  Part  of  this  heat  is  removed  by  water-jacketing  t  e  cy  in  c  . 
On  designing  an  auger  for  macaroni  extrusion,  the  proper  length  an 

„iS:  s.  . .  . . ;  --“r*  ”»s  * 

not  be  able  to  overcome  the of  the  finished  product. 

dough  to  be  overkneaded,  affecting  !  I  without  sufficient 

If  the  auger  is  toe -long,  the ^  ^  finished  product  will  suffer. 
T^asethe  efficiency  of  the  auger,  its  surface  is  brought  to  a  mirror 
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polish.  The  helix  angle  of  the  auger  flights  is  varied  to  allow  easier  feed¬ 
ing  at  the  inlet  and  increased  pressure  at  the  outlet. 

The  plastic  dough  feeds  into  a  chamber  or  a  series  of  tubes  behind 
a  die.  The  pressure  of  1500  to  2000  lbs.  per  sq.  in.  built  up  on  the  dough 
by  the  auger  causes  the  dough  to  be  forced  through  the  die  forming  it  into 
shapes  such  as  spaghetti,  vermicelli,  macaroni,  shell,  rotini  and  the 
many  other  interesting  shapes  found  on  store  shelves  throughout  the 

world. 

Many  manufacturers  subject  either  all  or  part  of  the  mixer,  or  the  ex¬ 
trusion  screw,  to  a  vacuum  of  15  to  28  inches  of  mercury.  Such  a  vacuum 
makes  the  extruded  product  more  dense,  removes  air  bubbles  from  the 
dough  and  tends  to  give  the  product  a  more  translucent,  yellow  color. 


Controlling  Feeding  and  Mixing 


The  aim  in  the  feeding  and  mixing  functions  of  the  press  is  to  deliver 
to  the  auger  a  continuous  flow  of  dough  containing  a  constant  per  cent 
moisture— about  31  per  cent  on  an  as  is  basis.  The  control  of  the  feed 
of  the  flour  and  water  is  not  a  simple  matter.  One  of  the  factors  that 
enters  into  this  control  is  the  design  of  the  hopper  above  the  press,  used 
to  hold  a  reservoir  of  flour  or  semolina  for  the  press.  Semolina,  being  a 
coarse  material,  somewhat  similar  in  flowing  characteristics  to  granular 
sugar,  flows  rather  easily  and  does  not  give  too  much  of  a  problem.  Flour, 
on  the  other  hand,  is  very  much  inclined  to  bridge  across  an  opening  and 
the  result  is  that  there  are  interruptions  to  flow  and  occasional  flushing. 
Using  flour  there  is  a  varying  head  pressure  on  the  flour  feeder  which  can 
result  in  uneven  feed. 


The  design  of  the  hopper  over  the  press  is  important.  Sides  of  the 
coned  portion  of  the  feed  hopper  should  be  as  steep  as  possible.  One 
side  should  be  straight  up  and  down  and  the  others  should  be  sloped  at 
not  less  than  60  to  /()  from  the  horizontal.  Hoppers  are  normally 
equipped  with  vibrators  to  keep  the  flour  or  semolina  flowing  smoothly. 
The  discharge  of  the  hopper  normally  is  offset  from  the  press  feed  inlet 
itself  so  that  the  direct  pressure  of  the  material  does  not  bear  on  the 
feeder.  This  results  in  less  compacting  of  the  material  and  a  more  even 
rate  of  feed.  The  most  common  type  of  flour  feeder  is  a  simple  volu- 
metnc  device  consisting  of  a  short  belt  conveyor  about  6  inches  wide  by 
1l  inches  long,  passing  under  the  feed  inlet.  An  adjustable  gate  com- 
nned  with  the  constant  speed  of  the  conveyor  belt  controls  the  volume 
of  the  flour  or  semolina  being  fed  into  the  mixer.  In  conjunction  with 
he  volumetric  feeder  for  Hour,  the  water  feed  is  taken  care  of  by  provid- 

g  a  constant  head  of  water  in  a  hopper  equipped  with  a  standnine 
and  a  valve  to  set  the  rate  of  water  feed.  standpipe 
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Fig.  74.  Press  Mixer  Showing  Semolina  Feed  Inlet  and  Water  Tank  at  Tor 


It  can  be  seen  that  there  are  many  factors  which  would  prevent  the 
above  mechanisms  from  giving  an  accurate  feed  rate.  Flour  varies  in 
density,  for  example,  because  of  moisture  content  and  other  factors,  or 
because  of  the  amount  of  material  in  the  hopper  above  the  press.  Con- 
sequently,  the  rate  of  feed  changes.  The  relatively  simple  valve  used  foi 
controlling  the  feed  of  water  can  become  fouled  with  sediment  or  scale 
and  change  the  rate.  In  an  attempt  to  correct  some  of  these  difficulties, 
several  manufacturers  have  employed  feeders  using  a  gravimetric  pnn- 
ciple.  In  these  feeders  a  stream  of  material  is  fed  onto  a  small  continuous 
belt.  The  belt  is  mounted  on  a  scale  so  that  this  sea  e  can  sense  e 
amount  of  material  on  the  belt  at  any  particular  time.  The  weight  of 
material  on  the  belt  operates  to  control  the  feed  gates  so  that  a  umform 

rate  of  flow  is  obtained.  „»,,r,u 

Another  method  which  is  used  in  Europe  to  some  extent  uses  small 

scales  for  both  water  and  Hour  or  semolina.  The  scales  <  , 

tain  amount  of  material  and  come  up  to  weight  to  be  dumped  on  a 
cycle. 
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Control  of  the  dough  mix  is  kept  within  surprisingly  close  limits.  Ac¬ 
tual  press  control  is  obtained  by  the  operator  through  the  ammeter  at¬ 
tached  to  the  auger  drive  and  by  regulating  the  size  of  dough  balls  in  the 
mixer.  An  ammeter  connected  to  the  motor  power  supply  is  provided. 
Its  function  is  simple.  When  the  dough  gets  too  dry,  resistance  to  dough 
flow  increases,  the  press  requires  more  energy  and  the  ammeter  reading 
goes  up.  The  operator  corrects  the  situation  by  adding  more  water  to 
the  mixer. 

Size  of  dough  balls  is  important.  When  flour,  or  semolina,  and  water 
are  fed  into  the  press,  they  gradually  mix  together  as  they  are  agitated 
and  worked  forward  down  the  mixer.  As  they  mix,  the  flour  particles 
start  to  cling  together,  forming  lumps.  Size  of  lumps  is  dependent  on 
raw  material  used,  type  of  mixer,  amount  of  water  and  rate  of  feed.  The 


press  must  be  controlled  in  such  a  way  as  to  get  the  most  possible  water 
in  the  mix  (for  color),  but  not  so  much  that  large  lumps  result  and  inter¬ 
fere  with  the  product  feeding  into  the  auger.  Dough  balls  one-half 
inch  to  one  inch  in  diameter  seem  to  be  about  the  right  size  for  most 
presses. 

Egg  yolks  are  combined  with  water  in  a  mixing  tank  in  the  manufac¬ 
ture  of  noodles.  Most  often  an  attempt  is  made  to  combine  just  the  cor¬ 
rect  amount  of  yolks  with  water  so  that  the  resultant  mixture  fed  to  the 
press  will  provide  both  the  necessary  amount  of  moisture  to  make  the 
dough  the  proper  consistency  and  the  correct  amount  of  egg  solids  to 
give  the  correct  solids  content  in  the  finished  product.  This  results  in  a 


rather  difficult  feeding  problem,  especially  where  the  flow  is  regulated  by 
a  valve  or  orifice.  The  normal  practice  is  to  use  a  constant  head  tank 
with  a  standpipe  which  discharges  through  a  line  having  a  valve  to  con- 
tiol  the  rate  of  feed.  This  valve  is  subject  to  a  buildup  of  sediment  from 
the  egg  solids  and  therefore  some  noodle  manufacturers  have  substituted  a 
constant  displacement  piston  pump  which  assures  a  constant  volumetric 
feed  of  the  egg-water  mix. 

The  egg  ingredients  in  noodles  cost  nearly  as  much  as  the  flour,  even 
though  they  represent  only  5.5  per  cent  of  the  total  solids  in  the  product. 
Consequently,  even  a  small  deviation  from  the  correct  rate  of  feed  of  eggs 
can  result  in  a  substantial  difference  in  the  cost  of  the  finished  product. 
Being  on  the  short  side  can  bring  danger  of  fines  or  confiscation  of  the 
product  by  regulatory  agencies  of  the  Federal  government. 

Dry  blenders,  such  as  the  J.  H.  Day  Ribbon  Blender,  have  come  into 
use  in  the  manufacture  of  noodles  and  egg  macaroni  products  because 
it  is  possible  to  weigh  the  dry  ingredients  into  the  blenders  accurately 
and  obtain  the  correct  final  solids  content.  Where  dry  blenders  are 
used,  there  ls  little  objection  to  the  use  of  a  volumetric  feeder  for  the  flour 
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egg  mix  since  the  finished  product  will  contain  the  correct  solids  content 
regardless  of  the  amount  of  water  used  for  moistening  the  dough. 

Calculation  of  Rate  of  Liquid  Addition 

Flour  or  semolina  normally  contain  about  86  per  cent  solids,  as  used, 
and  the  moisture  content  of  the  product  leaving  the  press  varies  1  or  2 
per  cent  either  side  of  31  per  cent  moisture  on  an  as  is  basis.  This  means 
that  for  every  100  lbs.  of  flour  used  it  is  necessary  to  add  approximately 
24.8  lbs.  of  extra  water  to  get  the  required  dough  consistency  plus  a  small 
amount  to  replace  evaporation  while  mixing.  The  addition  of  egg  solids 
to  flour  to  make  noodles  requires: 

11.12  lbs.  of  egg  yolks  at  45  per  cent  solids 
19.25  lbs.  of  whole  eggs  at  26  per  cent  solids 
5.27  lbs.  of  dried  yolks  at  95  per  cent  solids,  or 
5.27  lbs.  of  dried  whole  eggs  at  85  per  cent  solids. 

Table  57  indicates  the  pounds  of  eggs  required  to  obtain  5.5  per  cent  solids 
egg  content  in  noodles  with  a  varying  egg  solids  content  in  the  yolks  and 


Table  57 

EGGS  PER  100  POUNDS  FLOUR  TO  OBTAIN  5.5  PER  CENT  EGG  SOLIDS  IN  NOODLES 

Moisture  Content  of  Flour 


Egg  Solid 
Content 


Per  cent 

13  14  1 4  V2 


Per  cent 

43 

44 

45 

46 


11.78  11-64 
11.51  1138 
11.25  H.12 
11.01  10.88 


11.57 
11  .31 
11.06 
10.82 


moisture  content  in  the  flour.  Tire  normal  practice  is  to  mis  a  30-lb.  tin  of 
frozen  egg  yolks  (45  per  cent  solids)  with  60  to  65  lbs.  of  water  to  obtain 
the  correct' egg  solids  content  in  the  finished  product.  The  reason  for 
the  variation  in  the  amount  of  water  is  that  there  is  a  var lation  in  it  na 
moisture  of  the  product  as  it  leaves  the  press  due  to  the  type  of  press  usee 

and  the  type  of  flour  or  semolina  used. 

Where  dried  yolks  are  added  to  water  in  the  egg  dosing  operation,  a 
attempt  is  made  to  obtain  approximately  15  per  cent  egg  yolk  solids  m 
the  e 22- water  mixture  being  fed  into  the  press.  In  older  to  get  the 
same  mixture  as  would  be  obtained  with  30  lb,  of  frozen i  yo*s  added 
to  60  lbs.  of  water,  it  would  be  necessary  to  add  14.2  lbs.  of  dried  yol 

%7mzJn  orllTlgg  whites  are  sometimes  used  * ;  ^ " 
ance  to  overcooking  in  the  finished  product.  One  of  the  principle 
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in  tins  connection  is  for  canning  where  the  product  is  subjected  to  long 
periods  of  blanching  and  retorting.  Standards  of  Identity  permit  the 
addition  of  0.5  per  cent  to  2.0  per  cent  of  the  solids  of  egg  whites  as  a  per 
cent  of  the  weight  of  the  finished  food.  Table  58  indicates  the  pounds 
of  water  to  be  added  to  a  30-11).  can  of  liquid  whites  ( 12.5  per  cent  solids ) 
fed  into  a  continuous  press: 


Noodle  Production 

Noodle  production  methods  differ  somewhat  from  other  macaroni 
products.  The  problems  involved  in  feeding  the  eggs  required  for 
noodles  are  described  above.  The  principal  difference  in  manufacturing, 
however,  is  that  noodles  are  a  flat  product  lending  themselves  to  produc¬ 
tion  from  a  sheet  of  dough. 

A  few  manufacturers  extrude  noodles  through  a  die  in  much  the  same 


Table  58 


POUNDS  WATER  TO  BE  ADDED  TO  30-POUND  TIN  OF  EGG  WHITES1 


Moisture  in 

Goods  Leaving 
the  Press 

Egg  White  Solids  in  Finished  Product 

0.5 

Per  cent 

1.0  1.5 

2.0 

Per  cent 

30 

152.0 

63.2 

33.6 

18.7 

32 

181  .0 

77.5 

43.0 

25.9 

1  Assumes  moisture  content  of  1 1  per  cent  in  the  finished  product. 


manner  in  which  short  cuts  are  made.  The  majority,  however,  employ 
continuous  processing  equipment  which  forms  a  sheet  of  dough  about 
20  inches  wide  and  varying  from  .070  inch  to  .125  inch  in  thickness.  This 


sheet  of  dough  is  then  fed  into  a  cutter  which  consists  of  calibrating  rolls 
which  reduce  it  to  the  required  final  thickness,  cutting  rolls  which  cut  the 
sheet  lengthwise  to  the  required  width  and  cutters  which  cut  the  strips  of 
noodle  dough  to  the  required  length. 

Basic  manufacturing  functions  with  noodles  are  very  much  the  same 
as  with  macaroni  in  that  the  ingredients  are  combined  (under  the  old 
method)  in  a  mixer  for  10  to  15  minute  mixing.  The  mixed  products  are 
then  dumped  into  a  kneader,  or  gramola,  where  the  dough  is  compacted. 
At  the  end  of  this  operation,  the  procedure  differs  somewhat  in  that  the 
chunks  of  dough  are  fed  into  a  machine  called  a  “dough  break.”  The 
slabs  of  dough  are  fed  back  and  forth  through  rollers  which  are  moved 
closer  and  closer  together,  gradually  reducing  the  thickness  of  the  dough 
s  eet.  When  a  certain  thickness  has  been  reached,  the  dough  is  wound 
on  a  spindle  for  later  feeding  to  the  cutter. 
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The  first  step  toward  making  this  operation  continuous  was  a  con¬ 
tinuous  noodle  sheeter  made  by  the  Clermont  Machine  Company  of 
Brooklyn,  New  York.  This  unit  performed  the  same  basic  functions  as 
the  batch  process,  but  used  a  continuous  mixer  which  fed  dough  into  a 
mechanism  which  extruded  a  sheet.  This  relatively  thick  sheet  was 
folded  back  and  forth  on  itself,  reduced  to  the  required  thickness  and  fed 
continuously  through  a  noodle  cutter. 

More  recent  developments  use  the  standard  macaroni  press  extrud¬ 
ing  a  sheet  through  a  circular  or  rectangular  slotted  die,  forming  a  sheet 
which  is  fed  automatically  into  a  cutter  (Fig.  75).  The  press  apparently 


Fig.  75.  Press  Feeding  Sheet  of  Noodle  Dough  Direct  to  Cutter 


exerts  more  pressure  on  the  dough  than  is  the  case  with  the  old  dough 
break,  or  the  continuous  sheeter  method,  so  that  the  product  made  on  the 
press  has  a  more  translucent,  deeper  yellow  color. 

The  batch  process  and  the  Clermont  Sheeter  both  fold  dough  sheets  m 
such  a  way  that  a  large  number  of  small  air  bubbles  are  entrapped  m 
the  finished  product.  This  causes  the  product  to  have  a  whiter,  more 
opaque  appearance  than  when  the  product  is  made  on  a  press,  especially 
under  vacuum.  Color  improvement  can  be  obtained  by  using  e 
other  plastic  liners  in  the  dough  slot  so  that  the  surface  of  the  dough  sheet 

is  very  smooth. 
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Bologna  Styles 

Many  manufacturers,  especially  those  catering  to  the  Italian  trade, 
make  what  is  called  “Bologna  styles.”  This  classification  would  include 
such  items  as  bow  ties.  Such  shapes  are  formed  out  of  a  dough  sheet 
made  either  continuously  or  by  the  batch  process  and  fed  into  a  stamping 
machine.  These  machines  are  somewhat  like  cookie  cutters  except  that 
they  have  attachments  to  form  special  shapes  and  to  do  such  functions  as 
crimping  the  center  of  the  bow  tie. 


Twisted  Goods 

Spaghetti  and  vermicelli  are  sometimes  sold  in  “biscuits,  twisted 
clumps,  which  are  dried  on  trays.  These  twisted  products  were  formerly 
formed  by  cutting  a  handful  of  vermicelli  or  spaghetti  in  8  or  10  inch 
lengths  and  putting  this  product  in  the  form  of  a  figure  eight  on  a  tray. 
When  the  product  dried,  the  “biscuit  held  together  and  was  packaged 
in  this  attractive  form. 

Automatic  “twist”  machines  use  an  arrangement  similar  to  a  long  goods 
spreader  to  extrude  the  product  in  clumps  of  the  required  number  of 
strands  to  make  the  proper  sized  “biscuits.”  The  clumps  of  strands  are 
formed  into  a  biscuit  after  the  product  has  been  cut  to  length.  The  “bis¬ 
cuits”  are  deposited  on  trays  for  drying. 


Vacuum  Systems 

Fifield  et  al.  (1937)  developed  a  method  for  preparing  micro-discs 
of  macaroni  dough  for  studying  the  color  characteristics  of  durum  wheat 
varieties.  These  discs  were  made  by  pressing  a  dough  of  the  flour  to  be 
tested  in  a  hydraulic  press  at  various  pressures  and  for  various  times.  It 
was  found  that  the  impressed  discs  contained  many  air  bubbles  which 
averaged  20  microns  in  diameter.  Upon  pressing  for  four  minutes  at  3000 
lbs.  per  sq.  in.,  the  diameter  of  the  bubbles  increased  to  800  microns 
which  decreased  the  number  of  bubbles  in  the  ratio  of  1  to  40,000.  At 
the  same  time  the  light  transmission  through  the  disc  increased  sixfold. 
This  illustrated  that  the  depth  of  yellow  color  in  manufactured  macaroni 
products  depended  on  the  number  of  air  bubbles  present,  and  this  in 
turn  was  a  function  of  the  amount  of  pressure  applied  and  the  time  for 
which  it  was  applied. 

The  vacuum  process  originally  developed  by  Buhler  Brothers  in  Uzwil, 
Switzerland,  attacked  this  problem  by  removing  the  air  bubbles  com¬ 
pletely  by  applying  vacuum  to  the  mixers  or  to  the  extrusion  screw.  The 
pioduet  produced  by  this  method  is  slightly  more  dense  than  the  standard 
product  and  has  a  deeper,  more  uniform  color.  It  takes  slightly  longer  to 
cook  and  the  product  may  stand  up  slightly  better  to  over-cooking. 
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Fig.  76.  Macaroni  Die  with  Removable  Plugs 


One  type  of  vacuum  system  is  applied  by  covering  the  entire  mixer 
with  an  air-tight  cover  and  exhausting  the  air  by  a  pump.  Wheie  the 
vacuum  is  applied  on  the  entire  mixer,  flour  is  fed  into  the  mixer  through 
a  rotary  feeder  which  makes  it  possible  for  the  flour  (and  trimmings)  to 
be  introduced  into  the  mixer  without  allowing  air  to  rush  in  and  spoil 
the  vacuum.  The  seal  at  the  discharge  end  of  the  mixer  is  provided  by 
the  product  itself  in  the  auger.  Another  type  of  press  has  secondary  mix¬ 
ing  chambers  with  relatively  short  shafts.  The  vacuum  is  applied  only 
to  the  secondary  mixer.  The  partially  mixed  dough  is  transferred  from 
the  large  to  the  small  mixer  through  a  rotary  air  lock  or  a  short  auger  and 
die  with  cutoff  knife.  The  vacuum  can  also  be  introduced  on  the  extru¬ 
sion  screw  chamber.  Where  this  is  done,  the  auger  is  equipped  with  ai 
interrupting  device  which  takes  the  form  of  a  smal  die  part  way  down 
the  length  of  the  screw.  The  dough  is  forced  through  tins  die  and  brok 
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up  into  either  strands  or  small  chunks.  A  vacuum  is  applied  on  the  screv 
at  this  point  evacuating  the  air  from  the  product,  but  arranged  so 
that  the  product  is  not  removed  from  the  screw.  The  flighting  on 
auger  then  continues  and  the  necessary  pressure  is  built  up  to  extrude 

the  product  through  the  die. 


Dies 

The  manufacture  of  macaroni  and  noodle  products  is  essentially  an 
extrusion  function.  The  dough  is  prepared  by  the  mixer,  kneaded  in  the 
auger  from  the  mixer  to  the  die  chamber  and  then  forced  through  the  die 
under  high  pressure.  The  die  performs  the  function  of  forming  the  dough 
into  the  characteristic,  familiar  shapes.  Dies  are  normally  made  from 
cartridge  brass.  However,  stainless  steel  lias  been  used  and  other  mate¬ 
rials  and  alloys  are  substituted  from  time  to  time,  as  well  as  a  stainless 
steel  frame  with  brass  inserts  which  can  be  removed  and  replaced.  Dies 
are  about  V/2  to  2Va  inches  thick.  They  are  made  in  both  circular  and 
rectangular  form,  depending  on  whether  they  are  to  be  used  in  presses  for 
producing  short  goods  (circular)  or  used  for  an  automatic  spreader  for 
long  goods  or  noodle  sheeting  (rectangular). 

The  simplest  extrusion  form,  of  course,  is  the  familiar  spaghetti  strand. 
A  simple  hole  is  all  that  is  required  to  form  this  shape,  although  the  hole 
through  the  die  is  normally  tapered  from  top  to  bottom.  The  tubular 
forms  such  as  macaroni  require  a  pin  in  the  center  as  described  in  Fig. 
77.  Curved  pieces  are  formed  by  making  the  thickness  of  dough  dif¬ 
ferent  on  one  side  than  the  other,  as  is  the  case  with  elbow  macaroni 
products.  Wavy  strands  can  be  produced  by  having  a  slightly  wider 
opening  on  one  portion  of  the  slot  than  on  the  other  so  that  the  thicker 
portion  tends  to  extrude  faster.  There  is  an  almost  unlimited  number 
of  shapes  that  can  be  made  on  presses  by  varying  the  size  and  shapes  of 
holes. 


The  high  pressure  required  to  extrude  dough  through  dies  subjects 
the  dies  to  a  substantial  amount  of  wear.  The  first  effect  of  the  wear  is 
to  polish  the  dies  smoothly  so  that  after  a  brief  initial  period  of  running 
the  product  surface  tends  to  become  smoother.  One  of  the  problems 
with  stainless  steel  dies  has  been  that  it  is  difficult  to  obtain  a  very  smooth 
sui  face  on  the  extrusion  surfaces,  and  there  has  been  a  tendency  toward 
greater  roughness  than  with  brass  dies.  As  production  is  continued,  wear 
increases  to  the  point  where  other  production  problems  occur.  Many 
manufacturers  keep  a  set  of  standards  on  their  product  sizes  so  that  the 
finished  products  can  be  checked  frequently  and  dies  repaired  when 
product  sizes  get  beyond  certain  limits  of  tolerance  (Maldari  1956). 
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PIN  IN 
POSITION 


DOUGH 
BEING  FORCED 
THROUGH  DIE 


Courtesy  of  Glenn  G.  Hoskins  Co. 


Fig.  77.  How  Do  You  Put  the  Hole  in  Macaroni 

Left— Only  two  main  parts  shape  the  macaroni.  One  called  the  die,  is  made  like  a 
cup  with  a  very  thick  bottom  which  has  a  hole  through  it  of  the  same  size  as  the 
outside  of  the  macaroni  which  it  is  to  make.  The  other  is  shaped  like  a  pin  with  a 
square  head.  The  long  part  of  the  pin  is  the  same  size  as  the  hole  inside  of  the 

finished  macaroni. 

Center— The  pin  fits  inside  of  the  cup. 

Right — Pressure  forces  the  dough  around  the  pin  and  into  the  hole  in  the  bottom  of 
the  cup.  When  the  dough  reaches  the  round  part  of  the  pin,  the  same  pressure  forces 
the  dough  together  and  out  comes  another  length  of  delicious  macaroni. 


It  is  often  difficult  to  tell  just  how  die  wear  will  affect  production. 
Under  normal  circumstances,  manufacturers  will  become  conscious  of 
die  wear  through  the  warning  medium  of  packaging.  Too  heavy  a  prod¬ 
uct  results  in  less  volume  per  unit  weight  and  there  is  a  resulting  slack  fill 
in  packages.  Gradual  wear  on  solid  and  tubular  products  can  seldom  be 
detected  by  visual  inspection  of  the  product,  but  must  be  determined  by 
actual  measurement.  Fancy  products  tend  to  give  some  indication  of 
wear  by  a  change  in  physical  appearance.  For  example,  in  sea  shell  pro¬ 
duction,  the  flow  of  dough  is  at  its  maximum  at  the  center  of  the  shell, 
making  this  point  more  susceptible  to  wear  than  at  the  ends.  As  wear 
increases,  the  dough  flows  faster  at  the  center,  thereby  increasing  curva¬ 
ture  of  the  product.  Another  common  warning  of  wear  in  shell  dies 
comes  in  the  form  of  checking  either  during  or  after  drying.  1  Ins  check¬ 
ing  can  often  be  attributed  indirectly  to  die  wear  and  can  be  eliminated 

bv  reducing  the  thickness  of  the  die  outlet. 

Wear  in  the  wavy-type  products,  such  as  mafalda  or  wavy  ^sagne^  e- 
comes  physically  evident  by  more  pronounced  or  closer  curled  wav  . 
A  cross  section  of  this  product  should  present  a  flat,  noodle  type  appear- 
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ance.  The  wave  is  the  result  of  greater  flow  of  dough  on  the  ends  of  the 
slots  in  the  die,  making  these  ends  the  points  of  greatest  wear. 

Spiral  products  normally  have  a  cross  section  like  that  of  a  noodle  prior 
to  wear.  After  wear  has  taken  place,  the  outer  circumference  portion 
tends  to  become  larger  and  rounded,  thereby  increasing  the  flow  of  dough 
in  these  points,  resulting  in  a  tighter  curl  or  greater  degree  of  twisting. 

The  problem  of  splits  on  short  cut  tubular  products  is  not  always  di¬ 
rectly  traceable  to  the  die,  but  can  generally  be  blamed  on  grit  that 
lodges  in  the  die.  The  grit  lodges  between  the  pin  and  the  outlet  and 
prevents  proper  amalgamation  of  the  dough  before  it  leaves  the  extru¬ 
sion  opening.  Sometimes  pins  are  forced  to  one  side  by  the  grit,  thereby 
increasing  or  decreasing  the  rate  of  curl  on  an  elbow  macaroni,  or  caus¬ 
ing  excessive  curl  on  long  macaroni  products. 


Die  Cleaning  and  Storing 


Many  manufacturers  have  a  large  number  of  dies  available  due  to  the 
fact  that  some  100  shapes  may  be  manufactured  in  a  single  plant  on  per¬ 
haps  two  or  three  presses.  Some  dies  can  make  more  than  one  product, 
but  many  are  suitable  for  only  a  single  shape.  Consequently,  the  storage 
conditions  under  which  dies  are  kept  must  receive  careful  consideration. 

Cleaning  of  dies  is  quite  difficult.  A  relatively  dry  dough  is  forced 
into  the  holes  in  the  die  under  pressure  of  approximately  2000  lbs.  per 
sq.  in.  A  small  proportion  of  the  dough  remaining  in  the  die  at  the  time 
of  removal  from  the  press  is  exposed  to  any  cleaning  action  that  might  be 
used.  Dough  cannot  be  left  in  the  dies  because  eventually  souring  will 
take  place  and  the  resulting  acids  will  attack  the  brass  surface  to  cause 
pitting  which  impairs  quality  of  the  finished  product. 

The  normal  procedure  is  to  remove  dies  from  the  press  and  place  them 
in  a  water  bath  in  which  the  water  is  continually  moving  and  kept  fresh. 
Dies  are  often  placed  on  wooden  trays  and  isolated  from  the  walls  of  the 
storage  tank  in  order  to  prevent  electrolysis  and  consequent  pitting  and 
corrosion  from  occurring.  Overnight  soaking  causes  the  dough  inside 

the  dies  to  become  softened  and  greatly  eases  the  eventual  cleaning  op¬ 
eration.  °  * 


Dies  are  usually  cleaned  by  high  pressure  water  jets  in  an  automatic 
apparatus  which  either  rotates  the  dies  under  stationary  jets  or  moves 
jets  across  the  surface  of  a  stationary  die.  Four  hours,  or  more,  cleaning 
time  is  generally  required  to  remove  all  traces  of  dough  from  inside  the 
sur  aces.  It  is  vital  that  all  of  the  dough  be  removed  or  pitting  will  oc¬ 
cur  It  is  possible  to  clean  dies  with  high  pressure  steam  jets.  However 
m  the  normal,  thick  die,  approximately  two  inches  thick,  the  high  tern’ 
perature  steam  tends  to  cook  the  dough  inside  the  die  and  make  it  veTy 
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difficult  to  remove.  High  pressure  steam  can  be  used  to  good  advantage 
in  cleaning  dies  which  are  relatively  thin,  made  of  stainless  steel  with 
brass  inserts.  After  the  dies  are  cleaned  and  dried,  they  are  stored  in 
clean  neutral  mineral  oil,  or  in  air,  until  the  next  use.  Oil  storage  is  pre¬ 
ferred. 

Special  Dies 

From  1956  through  1958,  considerable  experimentation  was  done  on 
the  use  of  plastic  dies.  A  product  called  Teflon,  developed  by  DuPont 
Company,  was  found  to  have  a  very  low  coefficient  of  friction  and  was 
consequently  used  as  inserts  in  dies  for  making  noodles  and  spaghetti. 
A  substantial  part  of  the  spaghetti  production  in  Italy  was  made  with 
Teflon  dies  in  1958.  Other  plastic  dies  were  also  used  with  varying  de¬ 
grees  of  success. 

Another  development  taking  place  during  the  1955  to  1958  period  was 
the  use  of  a  rectangular  die  with  a  slot  for  making  a  sheet  of  dough  for 
noodles.  This  slot,  when  lined  with  Teflon,  produced  a  sheet  having 
very  desirable  surface  characteristics,  yellow  and  smooth.  This  sheet 
was  fed  through  an  automatic  noodle  cutter  to  produce  noodles  of  very 
attractive  quality. 


DRYING  METHODS  AND  MACHINERY 


Preparing  the  Product  for  Drying 

After  the  products  are  extruded,  they  must  be  prepared  for  drying. 
This  process  consists  of  arranging  the  pieces  on  sticks  or  screens  so  that 
maximum  contact  of  the  pieces  with  the  drying  air  can  be  attained.  In 
the  old  batch  process,  long  products  such  as  spaghetti  were  spread  evenly 
bv  hand  on  wooden  dowels  about  7/s  inch  in  diameter  by  54  inches  long. 
The  filled  sticks  were  then  placed  on  racks.  Short  products  were  scat¬ 


tered  on  wire  mesh  trays  or  in  drawers. 

Automatic  processing  machinery  now  accomplishes  the  same  resets 
without  manual  labor.  The  automatic  long  goods  press  has  a  special 
network  of  tubes  which  spreads  the  kneaded  dough  in  the  compress, on 
chamber  so  that  it  can  be  extruded  through  a  long  narrow  die.  This  ar¬ 
rangement  facilitates  the  work  of  the  automatic  spreader  which  drapes 
the  strands  over  the  drying  sticks.  Short  goods  and  noodles  are  auto¬ 
matically  spread  on  screens  in  the  drier. 


Basic  Considerations  in  Drying 

Upon  extrusion  from  the  press,  macaroni  is 
taining  approximately  31  per  cent  moisture. 


a  soft,  plastic  product  con- 
This  wet  product  must  be 
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dried  to  twelve  per  cent  moisture  or  less  to  obtain  a  hard  product  whic  1 
will  not  support  the  growth  of  mold,  yeast  or  other  spoilage  organisms. 
Too  rapid  removal  of  moisture  will  cause  the  product  to  check.  Too 
slow  removal  of  moisture  may  permit  stretching  of  long  products  on  the 
sticks,  or  souring,  or  mold  growth.  To  achieve  proper  drying,  the  rates  of 
drying  must  be  controlled  by  adjusting  air  circulation,  temperature  and 
humidity.  The  drying  rate  of  a  macaroni  product  is  determined  by  the 
shape  of  the  product,  the  temperature  of  the  air,  the  humidity  of  the  air, 
the  moisture  content  of  the  macaroni  and  the  velocity  of  the  air. 

If  a  hygroscopic  material  such  as  macaroni  is  placed  in  a  stream  of  air  of 
given  temperature  and  humidity,  it  will  gain  or  lose  moisture  until  it 
reaches  a  constant  per  cent  moisture  which  is  called  the  equilibrium 
moisture.  In  the  case  of  macaroni,  the  raw  material  is  a  complex,  organic 
system  containing  starch,  protein  and  other  materials  which  change  their 
properties  according  to  the  variety  of  wheat  used,  growing  conditions, 
milling  procedures,  percentage  of  protein,  previous  drying  conditions  and 
many  other  factors.  Therefore,  the  equilibrium  data  obtained  by  various 
investigators  are  not  completely  consistent.  The  data  obtained  by  Earle 
( 1948 )  are  as  representative  as  any.  These  data  were  obtained  by  dry¬ 
ing  the  product  to  constant  weight  in  a  laboratory  drier  with  close  con¬ 
trol  of  temperature  and  humidity  and  adequate  air  circulation  at  a  tem¬ 
perature  of  90  F.  The  data  are  summarized  in  Table  59. 

Table  59 

EQUILIBRIUM  MOISTURE  OF  MACARONI,  AND  EGG  NOODLES  AT  90°  F 

Equilibrium  Moisture 

Relative  Humidity  Dry  Basis  (Macaroni)  Dry  Basis  (Egg  Noodles) 

Per  cent  per  cent* 1  Per  cent1 

90 
80 
70 
60 
50 
40 
30 
20 
10 

1  Per  cent  bone  dry  basis 


22 

18.2 

16 

14 

13.9 

11  .9 

12.1 

10 

10.5 

8.5 

8.8 

7.0 

4.9 

Drying  Rates 

th.e  basis  of  “tensive  drying  tests  run  by  the  authors  on  spaghetti 

feet'  iL' minuted  T  wW>  an  air  velocity  between  150  and  300 

I  •  1  ,l  ,and  w|tb  temperatures  varying  from  90°  to  ]70°F 

drymg  rates  can  be  calculated  by  means  of  the  following  formula 
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log 


F o 
F 


KAt 


(Equation  1) 


where  F  =  per  cent  free  moisture  —  M  —  M0 

M  —  per  cent  moisture  in  macaroni  (dry  basis) 

Me  —  per  cent  equilibrium  moisture  ( dry  basis ) 

K  —  a  constant  experimentally  determined  to  be  .0406 
A  =  square  feet  of  surface  area  of  macaroni  per  pound  of  bone 


dry  solids 

t  =  time  in  hours 
F0  =  free  moisture  at  zero  time 
log  =  logarithm  to  the  base  10 


.61 D 
D2  —  cP 


(Equation  2) 


where  A  =  square  feet  of  surface  area  per  pound  of  dry  solids 
D  =  outside  diameter  (inches) 
d  =  inside  diameter  (inches) 
d  —  O  for  spaghetti  and  the  equation  reduces  to: 


A 


.61 

D 


(Equation  2a) 


Substituting  in  equation  1 : 


F0 
log  J 


.0248 Dt 

From  equation  3,  we  can  derive  equation  4: 

D 2  -  d> 


ta  =  12.1 


D 


(Equation  3) 


(Equation  4) 


where  *.  =  the  time  in  hours  required  to  reduce  the  free  moisture  to 
half  its  initial  value 

D  =  outside  diameter  of  macaroni  (inches) 
d  =  inside  diameter  of  macaroni  (inches) 

EXAMPLE:  Hot  .  dryi„f  curve  fm  spaghetti  of  ^  ^diameter  with 

an  initial  moisture  content  of  -31  pci  t  y 

i  c  qo°t?  nnrl  80  oer  cent  relative  humidity. 

Elution  Horn  Table  59  we  find  that  the  equilibrium  mo, store  ,s 

1S.2  per  cent  (dry  basis)  at  SO  per  cent  relative  humic ,  .  • 

101  v  079,  —  0.87  hours 
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For  every  0.87  hours,  the  free  moisture  is  halved.  A  calculated  drying 
curve  is  shown  in  Table  60. 


Table  60 


Time  (hrs.) 


0 

0.87 
1  .74 
2.61 
3.48 
4.35 
5.22 


CALCULATED  DRYING  CURVE  FOR  SPAGHETTI 

F  =  Free  Moisture1  M  =  Total  Moisture1 


12.8 

6.4 

3.2 

1.6 

.8 

.4 

.2 


31  .0 

24.6 

21.4 
19.8 
19.0 

18.6 

18.4 


1  Per  cent  bone  dry  basis. 


DRIERS  AND  DRYING  METHODS 

Checking 

Macaroni  drying  is  not  a  simple  matter  of  removing  all  of  the  moisture 
as  rapidly  as  it  can  be  evaporated  from  the  product.  “Checking,”  or 
cracking  of  the  macaroni  piece  will  result  unless  the  drying  conditions 
are  carefully  controlled.  Checking  is  caused  by  the  differential  expan¬ 
sion  and  contraction  of  the  layers  of  macaroni  dough  under  the  influence 
of  changes  in  moisture  and  temperature.  In  practice,  cracking  must  be 
prevented  by  a  relatively  gradual  removal  of  the  moisture  from  the  prod¬ 
uct.  This  is  usually  accomplished  by  drying  the  macaroni  in  three 
basic  stages. 

In  the  preliminary  stage  approximately  40  per  cent  of  the  total  mois- 
tuie  removal  is  accomplished  in  30  to  40  minutes.  This  case  hardens 
the  product  and  a  period  of  resting  or  “sweating”  in  high  humidity  air 
allows  the  moisture  to  distribute  itself  fairly  evenly  throughout  the  cross 
section  in  from  one  to  two  hours.  From  this  point,  slow  drying  removes 
the  moisture  at  a  rate  which  will  not  cause  damage  to  the  product. 

Extensive  studies  of  the  physical  properties  of  macaroni  were  carried 
out  by  Earle  (1948)  in  order  to  establish  a  scientific  basis  for  the  under¬ 
standing  of  the  checking  phenomenon.  He  found  that  the  coefficient  of 
t  lermal  expansion  of  macaroni  dough  averaged  58  X  Kb".  The  coeffi¬ 
cient  of  expansion  related  to  moisture  content  is  4  X  10-3. 

Eade  compiled  a  considerable  amount  of  data  on  the  strength  of  mac¬ 
aroni.  The  breaking  strength  under  tension  varied  all  the  way  from  1500 
bs.  per  sq.  m.  for  noodles  which  were  overdried  in  the  predrier  to  7300 
lbs.  per  sq.  in.  for  a  commercial  macaroni  product.  He  found  that  harsh 
preliminary  drying  decreased  the  strength  of  noodles  from  3000  to  1500 

per  cenVLTein  h'd  a°! “T?  ***  *hat  macaroni  with  14 

P  protein  had  a  breaking  strength  of  5117  lbs.  per  sq.  in  while  a 
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10.6  per  cent  protein  product  had  a  breaking  strength  of  3978  lbs.  per 
sq.  in. 

Calculations  based  on  breaking  strength,  modulus  of  elasticity,  the  co¬ 
efficient  of  expansion  due  to  moisture  and  the  thermal  coefficient  of  ex¬ 
pansion  showed  that  macaroni  containing  twelve  per  cent  water  on  a  dry 
basis  and  at  90° F.  suddenly  placed  in  a  current  of  moving  air  of  70  F. 
with  a  relative  humidity  such  that  no  change  could  occur  in  the  surface 
moisture  content  would  develop  a  stress  of  18.7  lbs.  per  sq.  in.  This  is  a 
very  small  value  in  comparison  to  the  5000  to  7000  lbs.  per  sq.  in.  re¬ 
quired  to  break  the  macaroni  or  check  it. 

Macaroni  in  equilibrium  with  air  of  65  per  cent  relative  humidity  which 
was  moved  into  85  per  cent  relative  humidity  would  develop  a  maximum 
stress  of  4700  lbs.  per  sq.  in.  This  would  come  close  to  checking  the 
macaroni  and  woidd  probably  actually  cause  check  because  of  inegular- 
ities  in  the  structure.  This  shows  that  the  checking  of  macaroni  is  caused 
by  differences  in  moisture  content  and  not  by  diffeiences  in  tempeiature. 
It  should  be  kept  in  mind,  however,  that  differences  in  air  temperature 
have  a  very  marked  effect  on  the  distribution  of  moisture  so  that  tem¬ 
perature  differences  can  cause  checking  indirectly.  The  physical  prop¬ 
erties  of  macaroni  are  listed  below: 


Coefficient  of  thermal  expansion  (ave.)  58  X  10“°  per  F. 

Coefficient  of  moisture  expansion  4  X  1(H  per  per  cent  moisture  (dry  basis). 
Modulus  of  rupture  (breaking  strength)  at  13  per  cent  5400  lbs  per  sq  in. 
(This  varies  from  1500  to  7300  lbs.  per  sq.  in.  depending  on  the  condition 

of  the  product  and  previous  drying  history.)  _  „ 

Thermal  stress  set  up  by  moving  from  90°F.  to  70°F.  a.r,  18.7  lbs.  pet 

Stress  'set  up  by  moving  from  65  per  cent  relative  humidity  to  80  per  cent 

relative  humidity  4700  lbs.  per  sq.  in. 

Specific  gravity  of  spaghetti  at  10  per  cent  moisture  content  L4. 

Modulus  of  elasticity  at  10  per  cent  moisture  dry  basis  1  X  10. 

Modulus  of  elasticity  at  15  per  cent  moisture  content  on  a  dr  y  basis  0.6  X  . 

“  — r*  -  r.  -r:  :t — 

section  the  spaghetti  vv^case^  a,  ^  ^  contract>  but  ,he  surface  will 
not' he  aide" tofollow  it  as  it shrinks. 

SSS-  ^he  same  type  of  thing  occurs  with  short 
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cuts,  but  the  product  will  have  ridges  from  one  end  to  the  other,  or  will 
shrivel  up  like  a  prune. 

Normally,  overdrying  in  the  preliminary  drier  will  produce  white  spots 
or  bubbles  in  the  interior  of  the  macaroni.  This  is  caused  by  the  shrink¬ 
ing  interior  trying  to  pull  away  from  the  case-hardened  surface  and  caus¬ 
ing  the  dough  to  pull  apart  at  the  points  where  bubbles  appear.  Usually 
these  preliminary  drier  “checks  do  not  cause  trouble  with  respect  to 
cooking  qualities. 

If  dried  macaroni  is  moved  into  a  very  humid  atmosphere,  it  will  ab¬ 
sorb  moisture  on  the  surface  which  will  then  expand.  If  this  process  is 
carried  too  far,  the  surface  will  pull  away  from  the  interior  and  cause 
serious  checking.  Before  the  vacuum  process  was  adopted,  this  check¬ 
ing  showed  up  in  spaghetti  as  a  crack  under  the  surface  which  ran  at 
about  a  30  angle  to  the  axis  of  the  spaghetti  at  both  ends  of  the  checked 
place.  The  shape  was  very  much  like  a  boat.  Since  the  advent  of  vac¬ 
uum,  this  check  often  shows  up  in  spaghetti  as  short  lines  perpendicular 
to  the  axis  of  the  spaghetti  inside  the  strand.  This  is  the  most  serious 
kind  of  check. 


If  a  product  at  12  or  13  per  cent  moisture  is  moved  into  hot,  dry  air, 
the  surface  will  dry  and  contract.  This  will  cause  a  very  fine  network 
of  cracks  to  appear  on  the  surface.  Usually  these  cracks  do  not  extend 
veiy  deeply  into  the  macaroni  and  do  not  usually  cause  trouble  in  cook¬ 
ing.  This  check  is  called  “tension  check”  because  the  surface  is  in  ten¬ 
sion  when  it  occurs. 

If  wet  macaroni  is  dried  rapidly,  the  surface  will  be  dried,  but  no 
stresses  will  be  set  up  because  the  product  is  plastic.  Under  these  circum¬ 
stances,  the  moisture  content  at  the  surface  will  be  small  and  in  the  in¬ 
terior  it  will  be  large.  The  solids  content  at  the  surface  will  be  large  and 
the  solids  content  in  the  interior  will  be  small.  If  drying  is  continued 
with  this  difference  in  concentration  down  through  the  plastic  range  into 
the  brittle  range,  there  will  be  no  stress  set  up  as  long  as  the  drying  rate 
is  fast  enough  to  keep  the  moisture  gradient  in  line  with  the  solids  con- 
tent  When  drying  is  stopped,  the  moisture  will  tend  to  distribute  itself 
evenly.  This  will  cause  the  surface  to  expand  because  it  contains  too 
great  a  concentration  of  solids  and  the  interior  will  contract  because  it 

check "S  ItTs  tilt  "  C“rati0n  °f  s,‘Jids'  This  "'ill  cause  compression 
check  It  is  the  most  common  check  encountered  in  macaroni  drvintr 

mjrr;sarx:r to  ~  - * 

is  ^ 

more  susceptible  to  checking  due  to  moisture  changes  than ’a 
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dried  product.  If  such  a  product  is  put  into  a  steel  bin  when  it  is  warm 
and  this  bin  is  wheeled  into  an  area  where  the  air  is  cold,  the  layer  of 
macaroni  next  to  the  surface  of  the  bin  will  be  cooled  so  that  moisture 
will  migrate  from  the  hot  interior  of  the  bin  to  the  cool  product  near  the 
surface.  The  absorption  of  this  moisture  by  the  cool  macaroni  will  cause 
check.  This  is  quite  common.  Sometimes  under  these  conditions  the 
macaroni  at  the  sides  of  the  bin  will  check  but  the  open  top  surface  will 
not  check  because  the  moisture  escapes  to  the  air  and  is  not  absorbed 


by  the  cool  macaroni. 

In  batch  macaroni  driers,  there  is  often  a  part  of  the  room  which  lags 
behind  the  rest  of  the  room.  Test  runs  were  made  on  driers  where  one 
part  of  the  room  was  at  15  per  cent  moisture  and  there  were  parts  of  the 
room  which  were  still  at  21  per  cent  moisture  or  more.  When  the  greater 
part  of  the  room  has  reached  a  moisture  content  of  15  per  cent  or  below, 
the  wet  bulb  depression  throughout  the  room  will  often  increase  rapidly 
because  of  schedules  set  on  controls  or  because  of  the  natural  tendencies 
of  uncontrolled  driers.  This  will  cause  the  high  moisture  part  of  the 
drier  to  lose  moisture  rapidly  and  perhaps  dry  from  21  per  cent  to  15  per 
cent  in  an  hour.  The  product  will  have  a  very  bad  trapped  stress-type 
of  check.  It  is  this  mechanism  that  accounts  for  the  fact  that  a  certain 
spot  in  the  drier  will  often  yield  macaroni  which  is  checked  and  moldy 

at  the  same  time.  .  .  i, 

If  a  strand  of  spaghetti  is  supported  between  two  rods  approx, mately 

six  inches  apart  and  a  weight  is  hung  on  the  center  of  the  strand  which 

is  slightly  lighter  than  the  weight  which  will  break  the  strand  instant  y 

re  strand  of  spaghetti  will  gradually  bend  more  and  more  and  after  a 

period Tf  a  half  hour  to  an  hour  it  will  break.  The  same  mechanism  may 

account  for  the  fact  that  it  takes  a  long  time  for  some  macaroni  to  check 

The  continuously  applied  force  due  to  the  weight  ^he — 

Where  stresses  are  trapped  m  the  spagteH d  and  the 

water  is  continually  ^^^^ich  flows  gradually  ac- 
interior  to  contract.  The  .  skeleton  of  the  dough  eventu- 

commodates  itself  ^  ^s  P-smre  and  ^  ^  ^ 

ally  cannot  support  the  pressure 
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Drying  Long  Goods 

For  purposes  of  drying,  macaroni  products  can  be  divided  into  four 
categories:  1.  Long  Goods;  2.  Short  Goods;  3.  Scattered  Noodles;  4. 
Twisted  and  Folded  Products.  Long  macaroni  products  are  most  fre¬ 
quently  hung  on  sticks  approximately  54  inches  long  and  trimmed  to  an 
even  length  of  from  14  inches  to  26  inches  hanging  on  each  side  of  the 
stick.  The  macaroni  is  dried  on  these  sticks  and  then  removed  from  the 
sticks  for  cutting  and  packaging. 

At  present  the  most  common  process  for  drying  long  macaroni  is  the 
use  of  a  continuous  preliminary  drier  with  a  sweating  section  followed 
by  finish  drying  in  rooms.  The  sticks  of  macaroni  are  carried  through  the 
preliminary  drier  on  chains.  In  the  first  pass  through  the  preliminary 
drier,  the  moisture  content  is  reduced  from  approximately  31  per  cent’ 
to  approximately  24  per  cent  in  30  to  40  minutes.  Air  circulation  is  cut 
off  from  the  second  two  passes  in  which  sweating  occurs  permitting 
equalization  of  moisture  between  the  inside  and  outside  of  the  strands 
of  macaroni.  Satisfactory  operation  of  this  drier  is  of  great  importance 
to  prevent  the  formation  of  white  spots  inside  the  strand  of  spaghetti, 
to  prevent  stretching  of  the  soft  spaghetti  and  to  hold  the  drying  time  in 
the  finishing  driers  to  a  minimum.  Newer  preliminary  driers  accomplish 
drying  on  more  than  one  pass.  The  preliminary  drier  made  by  DeFran- 
cisci  Machine  Corporation,  Brooklyn,  uses  the  top  two  passes  for  drying 
and  the  bottom  for  sweating  and  another  drier  manufactured  by  Ambrette 
Macaroni  Machine  Corporation,  Brooklyn,  uses  the  top  pass  for  drying, 
the  second  pass  for  sweating  and  the  third  pass  for  drying.  These  driers 
can  reduce  the  moisture  to  approximately  21  per  cent,  thus  reducing  the 
load  on  the  finishing  driers.  Secondary  driers  similar  to  the  preliminary 
driers  have  been  installed  in  many  factories.  These  driers  reduce  the 

moisture  content  to  20  per  cent  or  less  and  reduce  drying  time  in  the 
finishing  rooms. 


The  sticks  of  macaroni  from  the  preliminary  driers  are  hung  on  racks 
containing  two  or  three  tiers  of  sticks  on  one  and  three-fourths  inch  to  two 
inch  centers.  These  racks  are  moved  to  drying  rooms  containing  from  12 
to  14  trucks.  One  type  of  drying  room  has  large  fans  in  the  end  which 
pull  air  through  the  macaroni  on  the  trucks.  Another  has  smaller  fans 
overhead  which  can  be  reversed  so  that  one  end  of  the  drier  dries  while 
1C  o  let -  rests.  The  second  type  is  somewhat  faster  than  the  first  type 
because  the  alternate  resting  and  drying  at  each  end  permits  the  use  of 

dry^g.  ty  faS*er  m0isture  removal  ^.ring  the  early  stages  of 


1  Moistures  are  calculated  on  an 


as  is  basis  unless  otherwise  noted. 
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Drying  times  in  uncontrolled  driers  run  as  high  as  five  days.  More 
modern  driers,  utilizing  control  of  temperature  and  humidity,  adequate 
and  efficient  air  circulation  and  temperatures  as  high  as  120  F.  have 
reduced  drying  times  to  as  low  as  18  hours  for  spaghetti  and  24  hours 
for  macaroni  of  medium  wall  thickness. 

Continuous  long  goods  driers  are  made  by  Clermont  Machine  Com¬ 
pany,  Brooklyn,  New  York;  Buhler  Brothers,  Uzwil,  Switzerland;  and 
Braibanti  and  Company,  Milan,  Italy,  and  others.  The  Clermont  drier 
consists  of  a  standard  continuous  preliminary  drier  with  two  finishing  drier 
units  in  series.  The  sticks  are  carried  through  the  drier  by  chains.  Each 
of  the  two  finishing  driers  is  divided  into  two  sections,  one  above  the  other 
with  separate  controls  in  each  section.  Total  drying  time  is  between  36 
and  24  hours,  depending  on  the  size,  shape  and  composition  of  the  prod¬ 
uct  being  dried. 

The  Buhler  continuous  drier  consists  of  a  preliminary  drier  and  a  vari¬ 
able  number  of  identical  finish  drying  units.  A  unique  feature  of  this 
drier  is  that  the  exhaust  air  from  the  preliminary  drier  is  returned  )> 
duct  to  the  discharge  end  of  the  last  finishing  drier  so  that  the  air  is  circu¬ 
lated  in  a  completely  closed  circuit.  Moisture  is  removed  from  the  dnei 
by  condensation  in  the  return  duct.  The  Braibanti  drier  is  similar  in 
function.  A  constant  supply  of  hot  water  of  controlled  temperature  pro¬ 
vides  the  basis  for  temperature  and  humidity  control  throughout  the 


length  of  the  drier.  . 

Traditionally,  drying  Iras  been  accomplished  at  temperatures  m  the 

range  from  80°  to  95°F.  Experiments,  made  by  ?i50°F  it  7'" 

that  snaghetti  with  a  diameter  of  .067  inch  can  be  dried  at  150  F.  m  i  /, 
hours  including  the  preliminary  drying,  sweating,  finish  drying  and  coo  - 
inTpe  tod  to  yield  a  product  free  from  check  and  with  a  very  good  cote. 
Macaroni  with  a  wall  thickness  of  .0325  inch  was  dried  m  10  A 

■ss5i**-,AS =K 

goods  can  be  dried  in  less  than  one-half  hour.  ^  ^  #  ^  of 

lneg  wider^  over  tto so^ha!*  all' of' die  water  is  absorbed  in  the  macaroni  and 
the  dried  sauce. 
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Drying  of  Short  C.uts 

Short-cut  macaroni  products  can  he  dried  in  layers  one  or  two  inches 
deep  on  trays  made  by  stretching  wire  or  plastic  mesh  over  wooden 
frames.  These  trays  are  placed  on  trucks  with  spacers  between  trays  and 
put  in  rooms  similar  to  long  goods  driers  where  air  is  circulated  through 
or  across  the  trays.  The  product  can  also  be  dried  in  drawers  with  mesh 


Glenn  G.  Hoskins  Co. 


l'ic.  78.  Continuous  Drier  for  Short  Cut  Products 


bottoms  in  winch  the  goods  are  piled  from  2  to  4  inches  deep.  These 
r  rawers  are  placed  in  a  cabinet  in  tiers  5  to  8  drawers  high  ;u,d  air  is 
forced  through  one  half  of  the  drawers  from  bottom  to  top  and  back 
down  through  the  remaining  drawers  from  top  to  bottom  in  a  fWd 
circuit  by  means  of  circulating  fans.  These  batch  driers  have  been 
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are 

con- 


largely  replaced  by  continuous  driers  except  for  large  products  with  thick 
walls  which  require  a  long  drying  time. 

Continuous  short  cut  driers  consist  of  two  or  more  drying  cabinets  con¬ 
taining  several  conveying  screens  which  carry  the  product  back  and  forth 
over  the  length  of  the  cabinet  as  it  drops  from  the  top  to  the  bottom 
screen.  A  distributor  at  the  feed  end  of  the  top  screen  spreads  the  mac¬ 
aroni  evenly  across  the  width  of  the  screen.  Suitable  means  of  air  circu¬ 
lation  and  control  of  temperature  and  humidity  are  provided.  Goods  a 
conveyed  between  units  by  gravity,  pneumatic  conveyors  or  belt  er 
veyors. 

A  typical  drier  capable  of  drying  1200  lbs.  of  macaroni  per  hour  would 
consist  of  a  preliminary  drier  24  feet  long  and  two  finishers  each  41  feet 
long.  The  preliminary  drier  would  contain  four  five-foot  wide  screens 
supported  on  a  carrier  with  roller  chains  at  the  edges  and  pipe  cross 
pieces  spaced  on  6-inch  centers.  Each  of  the  two  finishing  driers  would 
contain  one  resting  belt  and  four  drying  screens.  The  resting  belt  would 
substitute  Neoprene  impregnated  canvas  for  the  wire  mesh.  Tempera¬ 
ture  would  be  controlled  by  an  instrument  regulating  steam  flow  to  the 
heating  coils.  Humidity  would  be  controlled  by  a  wet  bulb  instrument 
regulating  dampers  or  exhaust  fans.  In  some  cases,  steam  humidifiers 

would  be  used.  A  . 

Each  make  of  drier  has  some  unique  feature.  The  Clermont 

blows  air  across  the  width  of  the  screens  into  an  air  chamber  and  hen 
returns  the  air  below  the  bottom  screen.  Hoskins  dners  blow  an  p 
through  the  screens  by  means  of  centrifugal  blowers  to  give  conn  er-cu  - 
rent  flow  The  Ambrette  drier  blows  air  down  through  the  screens  with 
nropeller  fans  to  give  concurrent  flow.  The  DeFranctsc,  Machine  Com- 
,  . nv  drier  sucks  air  from  both  sides  of  the  space  between  the  second  an 
third  screens  so  that  air  flows  up  through  the  bottom  two  screens  and 

XS^XTa^he  side  of  the  screens  up  through  the 
goods  and  out  through  the .pace  at  the  by'  reg- 

coils  are  placed  between  (  ■  -  i  Another  unique  feature 

i"..  L. 

.». ». .« ** 

the  slats  which  are  not  perforated  wooden  slats 

si — I-  •' 

driers. 
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Drum  batch  and  continuous  driers  have  also  been  used,  notably  by 
Buhler  and  Braibanti.  In  some  installations,  a  “shaker”  is  placed  at  the 
press.  This  consists  of  a  series  of  oscillating  screens  through  which  heated 
air  is  blown.  This  apparatus  is  especially  useful  where  large  shapes  with 
thick  walls  must  be  dried.  The  shaker  case  hardens  the  product  before 
it  enters  the  conveying  system  and  gives  it  some  additional  strength  to 
resist  crushing. 


Drying  of  Noodles 

Noodles  are  dried  in  essentially  the  same  way  as  short  cuts.  However, 
they  present  some  peculiar  problems  because  they  are  long,  sticky  and 
flexible  in  the  wet  state  and  they  are  more  bulky  in  the  dried  state  than 
short  cuts.  While  noodles  are  passing  from  the  noodle  cutter  to  the  pre¬ 
liminary  drier,  great  care  must  be  exercised  to  see  that  they  do  not  stick 
together  and  form  lumps.  Lumps  are  caused  by  noodles  piling  too  deep 
on  conveyor  belting,  spreading  unevenly  over  the  first  screen  of  the  pre¬ 
liminary  drier,  or  by  cold  noodles  going  into  hot,  humid  air  in  the  pre- 
liminarv  drier  where  condensation  occurs  on  the  noodles.  Great  care 

J 

must  also  be  taken  not  to  break  the  noodles  since  they  are  quite  delicate 
when  partially  dried.  Screens  must  be  spaced  further  apart  in  noodle 
driers  than  in  short  cut  driers  to  allow  for  the  large  volume  occupied. 


Drying  of  Twisted  and  Folded  Products 

Vermicelli  or  thin  spaghetti  is  sometimes  twisted  into  “nests”  or  figure 
eight  patterns.  Noodles  are  sometimes  folded  and  carefully  laid  on  trays 
to  form  strips  20  inches  long  and  2  to  3  inches  wide.  These  products 
must  be  dried  on  trays  because  the  conveying  and  handling  in  continu¬ 
ous  driers  would  disturb  the  pattern  of  folding  or  twisting.  This  drying 
process  is  usually  carried  on  in  batch  driers.  However,  a  continuous  drier 
has  been  developed  by  Braibanti  in  which  large  nylon  trays  are  pushed 
back  and  forth  through  52  passes  in  a  continuous  drier.  The  empty  trays 
are  automatically  returned  to  the  press  in  a  closed  circuit. 

Controls 


Because  of  the  extreme  sensitivity  of  macaroni  products  to  excessive 
drying  rates,  the  temperature  and  humidity  in  macaroni  driers  must  be 
controlled  very  closely.  A  difference  in  wet  bulb  depression  of  1°F  can 
mean  the  difference  between  a  successful  drying  method  and  an  unsuc¬ 
cess  u  rymg  method  which  causes  checked  macaroni.  Continuous 
neis  end  themselves  especially  well  to  control  because  the  driers  can 
be  broken  down  into  several  units  in  series  and  the  atmosphere  in  each 
Can  be  COntrolled  at  constan*  dry  bulb  and  wet  bulb  temperatures 
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Batch  driers  such  as  those  used  for  drying  long  goods  present  a  more 
difficult  problem  since  the  drying  must  he  started  with  a  small  wet  bulb 
depression  and  the  wet  bulb  depression  must  be  gradually  increased 
throughout  the  drying  cycle.  This  can  he  done  by  an  operator  who 
manually  changes  the  instrument  settings  or  by  a  time  schedule  controller 
which  changes  the  settings  of  the  wet  and  dry  bulb  according  to  a  sched¬ 
ule  cut  on  cams. 


oc.  79.  Automatic  Spaghetti  Cutter  for  Removing  Spaghetti  i  rom  Siu  ks  and 

Cutting  to  Length 


CUTTING  AND  HANDLING  OF  LONG  GOODS 

One  of  the  more  costly  aspects  of  producing 
countered  in  the  handling  of  long  spaghetti  and  macar  ^  (o 

ous  production  of  these  items  is  difficu  ec‘J“s  ‘Th  development  of 

requiring  some  degree  of  skill.  accomplished 

Removal  of  sticks  from  the  strands  of  drier aul0JUcaIly 

either  by  hand  on  a  stripping  a  ' '  .  ■  t  t|le  product  to  the 

removes  the  sticks  from  the  strands  of  goods  and  cuts  1 

required  length. 


COMPOSITION  OF  MACARONI,  NOODLES  AND  RELATED  FOODS 

(Based  on  100  gm.  of  edible  portion  of  each  food) 


MACARONI  PRODUCTION 
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COMPOSITION  OF  MACARONI 

Table  61,  adapted  form  U.  S.  Department  of  Agriculture  Handbook 
No.  8  (Anon.  1950)  compares  properties  of  macaroni  and  noodle  prod¬ 
ucts  with  other  common  foods. 

In  the  opinion  of  the  authors,  the  figures  given  for  cooked  noodles  are 
not  fairly  representative.  Apparently  the  tests  were  made  on  canned 
noodles  or  something  of  the  kind,  because  the  samples  must  have  gained 
much  more  water  than  normal. 

Information  released  by  the  National  Macaroni  Manufacturers  Asso¬ 
ciation  in  1958  indicates  a  calorie  level  for  cooked  macaroni  of  115  to  118 
calories  per  100  gm.,  somewhat  lower  than  the  figures  in  Table  61.  It 
should  be  pointed  out  that  macaroni  products  continue  to  absorb  water 
for  quite  a  long  time  during  cooking.  Therefore,  diffeiences  in  le  ngth  of 
cooking  would  have  an  important  bearing  on  the  calorie  level  of  a  cooked 
product,  as  well  as  on  other  qualities,  such  as  per  cent  protein. 


MACARONI  PRODUCTS  QUALITY  CONTROL 
A  macaroni-noodle  plant  quality  control  program  has  three  purposes: 

1.  To  set  up  purchasing  specifications  and  see  that  suppliers  comply 

with  them.  , 

2.  To  analyze  production  problems  which  affect  both  quality  and  cos  s. 

3.  To  see  that  the  customer  gets  a  high  quality,  consistent  product. 
Following  are  the  basic  tests  that  should  be  made  in  a  macaroni  plant 

laboratory.  It  is  assumed  that  the  more  complex  tests  requiring  extensive 
training  on  the  part  of  the  laboratory  operator,  or  tests  that  are  required 
for  research  and  development,  would  be  run  outside.  Due  to  the  fact 
that  most  macaroni  manufacturing  establishments  would  classify  as 
small  or  medium-sized  businesses,  extent  of  laboratory  facilities  and 
personnel  is  necessarily  limited.  The  tests  to  be  described  could  ordi¬ 
narily  be  run  by  an  intelligent  person  with  a  high  school  educa  10  . 

A  '  Sifting  Test.— This  test  is  run  to  determine  the  general  condition 
a  carloadof  flour  received  at  the  plant  from  the  standpoint  of  in  es  abon 
and  weight  of  materials  in  bags.  The  apparatus  required  fo.  tins  test 

lliiiiip 

.  V fill  The  temperature  of  the  incoming  flour  is  recorded^ 

centage  of  fill.  I  he  templar  ^  djstrjbution  in  a  given  Hour  or 

B.  Granulation  lest.  1  ,  rV-ibilitv  and  the  quality  of 

rpmduct5  A  which  h-  °ne-half  l°  0,16 
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Courtesy  of  Braibanti  and  Co. 


Fig.  80.  Completely  Automatic  Line  for  Continuous  Production  and  Drying 

of  Long  Spaghetti 

Automatic  spreader  is  in  foreground. 


per  cent  Hour,  and  anything  with  more  flour  should  be  cheaper.  The 
granulation  test  is  run  to  check  the  particle  size  distribution  and  see 
whether  the  sample  conforms  to  the  standards  set  for  semolina. 

Apparatus  used  for  making  the  granulation  test  is  normally  the  Ro-Tap 
Sifter.  Sieves  to  be  used  for  testing  semolina  or  granular  material  would 


consist  of  U.  S.  standard  sieves  No.  20,  No.  40,  No.  60,  No.  SO,  and  No.  100. 

In  making  the  granulation  test,  samples  from  the  ten  sacks  of  flour 
taken  during  the  sifting  test  are  thoroughly  mixed  and  a  representative 
100-gram  sample  is  taken.  Starting  with  a  pan  on  the  bottom,  the  sieves 
are  assembled  from  No.  100  down  to  the  No.  20  on  top.  The  100-gram 
sample  is  put  on  the  top  sieve  and  the  materials  are  agitated  for  two 
minutes.  The  material  left  or* each  screen  and  in  the  pan  is  then  weighed. 

The  Standards  of  Identity  set  up  by  the  U.  S.  Department  of  Agricul¬ 
ture  hood  and  Drug  Administration  (Anon.  1953)  state  that  durum  flour 
is  prepared  from  durum  wheat  and  that  all  of  the  products  should  go 
nough  a  No.  100  mesh  sieve.  Semolina,  on  the  other  hand,  will  all  pass 

mZeshsie"  ’  "°‘  m°re  tHan  three  Per  ecnt  thro>'Sh  a  No. 

Traditionally,  semolina  has  commanded  a  premium  price  as  the  pri- 
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mary  ingredient  for  making  macaroni  products.  The  reason  for  the  pre¬ 
mium  is  that  semolina  is  a  product  which  consists  of  the  middlings  of 
durum  wheat.  All  clears  are  out  of  the  product  and  the  manufacturer 
is  guaranteed  this  because  of  the  absence  of  fine  material  in  the  product. 

A  typical  test  on  a  good  quality  semolina  might  show  the  following 
percentages  on  the  various  screens:  U.  S.  No.  20— none;  U.  S.  No.  40— 
30  per  cent;  U.  S.  No.  60—50  per  cent;  U.  S.  No.  80—15  per  cent;  U.  S. 
No.  100—4  per  cent;  pan— 1  per  cent.  Reliable  millers  and  investigators 
believe  that  a  semolina  handles  best  in  presses  and  makes  better  macaroni 
if  a  large  proportion  of  particles  are  in  the  same  size  classification.  For 
example,  one  miller  stated  specifications  of  what  he  thought  was  nearly 
an  ideal  semolina.  A  test  of  this  “ideal  would  show  the  following  par¬ 
ticle  size  distribution:  U.  S.  No.  20—0  per  cent;  U.  S.  No.  40—4  per  cent; 
U.  S.  No.  60-80  per  cent;  U.  S.  No.  80-10  per  cent;  U.  S.  No.  100-5  per 
cent;  pan— 1  per  cent. 

A  product  called  “granular”  in  the  trade  has  been  in  use  for  a  number 
of  years.  This  is  quite  similar  to  semolina  except  that  a  higher  percentage 
of  flour  is  left  in  the  product.  A  typical  granulation  test  for  granular 
might  reveal  a  particle  size  distribution  similar  to  semolina,  but  with  7  to 
20  per  cent  of  flour  in  the  pan. 

C.  Ash  Test. -The  ash  test  is  a  partial  measure  of  the  quality  of  the 
flour.  In  general,  ash  content  increases  as  the  grade  of  flour  drops.  This 
is  not  always  the  case,  but  is  a  good  indication  along  with  othei  tests 
which  are  recommended.  The  ash  test  is  frequently  used  on  semolina 
and  granular  products  as  a  check  to  see  whether  “clears”  are  being  put 
into  the  product  as  flour.  This  test  can  be  made  by  running  a  granula¬ 
tion  test  and  by  making  an  ash  test  on  the  portion  of  the  product  which 

passes  through  100  mesh. 

The  apparatus  required  for  this  test  is  a  high  temperature  muffle  fur- 
nace  with  accessories.  The  sample  is  kept  at  1100»F.  until  it  comes  o 
constant  weight.  ( U.  S.  Department  of  Agriculture  Standards  of  Identity 
specify  ash  on  the  dry  basis,  while  the  mills  generally  report  ash  eon  en 
on  the  basis  of  14  per  cent  moisture.)  Standards  »f  Went.ty^spec,  y 
durum  Hour  should  have  an  ash  content  calculated  to  a  moist  . re  free 
basis  of  not  more  than  1.5  per  cent.  Semolina  standards  specify  an  as 
content  of  not  more  than  0.92  per  cent,  although  it  is  generally  agreed 
that  a  good  semolina  should  not  run  more  than  about  .65  per  cent  as  . 

D  Gluten  Test.-The  quality  of  the  gluten,  as  well  as  the  quan  i  y. 

D.  Gluten  lest.  ;  while  this  test  is  not  a  very 

acoirate'test,  depending  to  a  great  extent  on 
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a  stream  of  tap  water.  The  method  is  described  in  the  “Official  and  Tenta¬ 
tive  Methods  of  Analysis  of  the  Association  of  Official  Agricultural  Cliem- 

ists’  (Anon.  1945).  .  , 

The  principal  purpose  of  washing  out  a  gluten 'ball  in  a  macaroni  p  an 

laboratory  is  to  determine  the  quality  of  the  gluten  qualitatively.  The 
color  should  be  noted,  particularly  as  to  the  amount  of  grayness,  and  the 
strength  and  extensibility  of  the  gluten  should  be  noted.  Gluten  suitable 
for  macaroni  products  should  be  strong  and  may  be  shoiter  and  less  re¬ 
silient  than  gluten  suitable  for  bread  flour. 

E.  Brabender  Farinograph  Test.— Irvine  and  Anderson  ( 1951 )  have 
found  that  macaroni-making  quality  of  semolinas  and  flours  can  be  pre¬ 


dicted  by  a  Farinograph  test  conducted  with  the  50-gram  mixer  and 
with  an  absorption  equivalent  to  31  per  cent  moisture  in  the  dough.  A 
desirable  raw  material  will  rise  to  a  peak  fairly  rapidly  and  will  break 
down  slowly.  A  material  which  has  a  wide  and  uneven  trace  will  have 
a  tendency  to  form  a  rough  product.  A  raw  material  which  drops  off  from 
the  peak  rapidly  will  break  down  in  the  auger  and  extrusion  tubes  of 
the  press  and  would  be  expected  to  give  an  uneven  extrusion  pattern  on 
the  long  goods  spreader.  Some  of  the  new  varieties  of  wheat  resistant  to 
15B  stem  rust  have  this  characteristic.  It  may  be  that  this  characteristic 
was  as  much  responsible  for  uneven  extrusion  patterns  in  the  1957  crop 
as  the  diastatic  activity  caused  by  heavy  rainfall  at  harvest  time. 

F.  Speck  Test.— The  speck  test  is  made  in  order  to  have  a  measure  of  the 
dirt  and  bran  in  a  sample  of  semolina.  Apparatus  used  for  this  test  con¬ 
sists  of  a  10  X  10  inch  square  board,  with  raised  edges  and  a  glass  plate 
which  fits  on  top  of  the  edges.  The  glass  plate  is  ruled  in  100  one-inch 
squares  so  that  the  entire  surface  can  be  examined  by  squares. 

The  box  is  filled  with  semolina,  leveled  off  and  the  glass  is  placed  in 
position  on  the  product  and  each  square  is  counted  and  recorded.  A 


passable  grade  of  semolina  would  have  about  140  bran  specks  in  100 
square  inches.  A  really  good  grade  would  test  65. 

G.  Grit  Test.-This  test  is  made  to  determine  the  amount  of  sand  or 
sediment  in  a  sample  of  semolina  or  flour.  Sand  can  lodge  in  the  die  and 
cause  splits  and  streaks  in  the  product,  particularly  in  thin-walled  maca¬ 
roni.  A  measure  of  the  sand  and  other  insoluble  sediments  is  also  a  par¬ 
tial  measure  of  the  sanitary  condition  of  the  sample. 

Apparatus  required  for  the  test  consists  of  a  500  ml.  wide-mouth  separa¬ 
tory  funnel  fitted  with  a  glass  stopcock,  evaporating  dish  and  some  car- 
bon  tetrachloride.  A  100-gm.  sample  is  measured  into  the  separatory 
funnel  and  400  ml.  of  carbon  tetrachloride  is  added  and  stirred.  The  trrit 
will  settle  to  the  bottom  of  the  funnel  and  is  drawn  off  into  an  evaporation 
dish.  Carbon  tetrachloride  is  poured  off  (without  disturbing  sediment" 
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and  the  sample  is  washed  once  with  a  small  amount  of  carbon  tetra¬ 
chloride  which  is  again  poured  off.  When  the  remainder  of  the  carbon 
tetrachloride  has  evaporated,  the  grit  is  weighed  to  four  decimal  places. 

H.  Moisture  Test.— Moisture  tests  are  extremely  important  throughout 
the  manufacture  of  macaroni  products,  including  testing  the  incoming 
raw  materials.  As  far  as  semolina  and  flour  are  concerned,  a  manufac¬ 
turer  is  paying  for  a  product  containing  14  per  cent  moisture.  If  the 
product  actually  contains  15  or  16  per  cent,  he  is  getting  one  or  two  per 
cent  less  flour  than  he  pays  for,  the  difference  being  made  up  in  water. 
The  same  principle  holds  true  in  shipping  macaroni  products  out  of 
the  plant.  The  macaroni  industry  is  highly  competitive  and  a  one  per 
cent  difference  in  moisture  content  can  make  an  important  difference  in 
net  profit. 

Moisture  testing  is  also  important  in  determining  effectiveness  of  dry¬ 
ing  and  effectiveness  of  control  of  drying  in  the  various  stages.  Standard 
atmospheric  and  vacuum  oven  tests  for  moisture  in  macaroni  products 
are  specified  by  the  Association  of  Official  Agricultural  Chemists.  Fast 
and  reasonably  accurate  tests  can  be  obtained  with  resistance-type  mois¬ 
ture  meters.  A  moisture  meter  which  compresses  an  unground,  weighed 
sample  to  a  predetermined  volume  is  reasonably  accurate  from  approxi¬ 
mately  7  to  17  per  cent.  Resistance  moisture  testers  which  apply  a  fixed 
pressure  and  measure  the  electrical  resistance  between  the  piston  and 
the  bottom  of  the  compression  cylinder  are  quite  accurate  for  moisture 
from  about  8  to  17  per  cent  when  the  samples  are  ground.  The  accuracy 
drops  off  somewhat  above  17  per  cent  because  the  thickness  of  the  sample 
becomes  more  important  in  this  range  where  the  resistance  is  fairly  low. 
Accurate  tests  from  about  8  to  25  per  cent  can  be  made  with  testeis  in 
which  the  sample  is  compressed  to  a  predetermined  pressure  and  the 
resistance  is  measured  from  one  concentric  ring  electrode  to  another  in 


the  base  of  the  compression  chamber. 

The  Standards  of  Identity  specify  that  durum  flour  and  semolina  con- 
tain  not  more  than  15  per  cent  moisture.  Actually,  millers  normally  s  up 
flour  at  14  per  cent.  Macaroni  products,  according  to  the  Standards  ol 
Identity  shall  contain  not  more  than  13  per  cent  moisture.  Good  prac¬ 
tice  to  prevent  deterioration  of  quality  and  checking  dictate  that  tins 
final  moisture  content  of  long  goods  should  generally  be  around  10  per 
cent  and  on  short  goods  about  11  per  cent,  since  these  are  the  moistuie 
die  nroducts  will  probably  reach  on  store  shelves. 

In  n  mal  p  an  operation,  moisture  tests  should  be  made  on  incoming 
semolina  or  flour,  on  the  final  moisture  content  from  ™ous  «, 
moisture  content  in  batch  driers  and  on  samples  of  each  product, 
day  taken  from  finished  packages  from  the  packing  room. 
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I  Grading  Finished  Goods.-This  test  is  run  in  order  to  establish  a 
standard  of  comparison  of  finished  goods.  It  is  important  for  finished 
goods  to  be  consistent  from  day  to  day  so  that  a  retail  customer  can  be 
assured  of  buying  products  with  consistent  cooking  time.  For  example, 
if  strand  thicknesses  or  wall  thicknesses  are  allowed  to  become  excessive 
through  die  wear,  cooking  times  will  change  from  the  time  stated  on  the 
packages. 

Besides  checking  the  finished  dimensions  of  the  product  frequently, 
classifications  should  be  made  on  the  basis  of  a  comparative  weight  on 
an  established  sample  of  pieces  sorted  as  follows: 

1.  Perfect  pieces  5.  Splits 

2.  Deformed,  flattened  or  bent  6.  Checks 

3.  Specks  7.  Dirty 

4.  Streaks  8-  Broken 

J.  Cooking  Tests.— The  cooking  test  is  probably  the  most  important  test 

run  on  macaroni  products.  No  test  has  become  standard,  but  three  types 
are  of  interest. 

The  most  commonly  used  test  consists  in  cooking  the  product  and  test¬ 
ing  portions  of  it  at  one  minute  intervals  by  eating  a  few  strands  to  deter¬ 
mine  the  consistency.  The  product  is  then  overcooked  for  as  much  as  a 
total  of  30  minutes  to  determine  whether  it  will  cook  to  pieces.  The 
following  classification  of  qualities  when  marked  in  order  will  give  a 
numerical  value  to  the  quality  of  the  cooked  product  and  aids  in  making 
the  test  somewhat  more  objective. 

Appearance,  form 

Uniform,  no  deformation  of  pieces.  . 

Slight  deformation  of  pieces . 

Uneven  shape,  some  snlit  pieces.  .  .  . 

Collapsed  and/or  badly  split . 

Color 

Amber  or  creamy  white,  no  specks .  . 

Creamy  white,  slight  specks . 

Pale  white  or  specky . 

Grayish  or  very  specky . 

Flavor 

Bland  wheaty  flavor . 

Bland  . 

Starchy,  lacks  wheat  flavor . 

Off-flavor,  e.g.  stale,  musty,  etc . 

Tenderness  (when  cooked  through) 

Firm,  slightly  chewy . 

Tender,  not  chewy . 

Soft . 


(4) 

(3) 
(2) 
(1) 

(4) 

(3) 
(2) 
(1) 

(4) 

(3) 
(2) 
(1) 

(5) 

(4) 
(3) 
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Tough  . 

Very  tough . 

Stickiness  (adherence  of  product  to  itself) 

No  adhesion . 

Slight  stickiness . 

Pronounced  stickiness . 

Total  Score  (Maximum:  20  Points) . 


(2) 

(1) 

(3) 

(2) 

(1) 


The  Italian  professor  Berazzio  (as  quoted  by  Hummel  1950)  developed 
a  more  objective  cooking  test  which  is  widely  used  in  Europe  and  for 
which  equipment  is  made  by  Buhler  Brothers,  Uzwil,  Switzerland. 
Samples  of  250  grams  of  dried  products  are  cooked  in  one  liter  of  one 
per  cent  salt  solution  in  each  of  two  cooking  vessels,  heated  in  a  constant 
temperature  oil  bath  at  21S°F.  This  causes  the  product  to  cook  at  a 
temperature  of  208°F.  so  that  disintegration  of  the  product  caused  by 
the  turbulence  of  boiling  is  kept  to  a  minimum.  The  cooking  time  in 
one  vessel  is  18  minutes  and  the  cooking  time  in  the  other  vessel  is  28 
minutes.  After  the  macaroni  products  have  been  cooked,  the  samples  are 
drained  for  five  minutes  and  then  weighed.  The  difference  in  weight 
between  the  cooked  sample  and  the  dry  sample  gives  the  water  absorp¬ 
tion  during  cooking.  The  volumes  of  the  dry  sample  and  the  cooked 
sample  are  measured  by  water  displacement  and  the  increase  in  volume 
recorded.  The  water  in  which  the  samples  have  been  cooked  is  placed 
in  a  graduated  glass  tube  and  the  suspension  of  starch  and  other  materials 
is  allowed  to  settle  for  half  an  hour.  The  height  of  the  milky  portion 
which  settles  out  at  the  bottom  is  measured.  In  some  cases,  a  portion 
of  the  cooking  water  is  evaporated  to  dryness  to  measure  the  amount  of 
solids  dissolved  in  the  water.  It  is  stated  that  less  than  six  per  cent  dis¬ 
solved  in  the  cooking  water  is  very  good  and  that  eight  per  cent  is  about 

average. 

Radley  (1954)  describes  an  interesting  cooking  test  which  might  have 
wide  application  in  research  work.  Approximately  three  grams  of  the 
product  to  be  tested  are  placed  in  a  wire  basket  with  a  lid.  This  is 
weighed  in  cold  water  at  68°F.  and  is  then  plunged  into  rapidly  boiling 
water  At  a  given  time  the  product  is  removed  from  the  boiling  water 
and  re-weighed  in  cold  water.  It  is  then  slung  to  remove  the  moisture 
and  the  outside  of  the  basket  is  wiped  dry.  The  basket  is  weighed  in  air 
Then  the  product  is  returned  to  the  boiling  water.  This  is  repeated  until 
the  product  has  completely  disintegrated  and  the  basket  is  then  weighe 
in  water  empty.  The  curve  plotted  from  the  weight  values  determine 
»  I  indicate  the  rate  of  absorption  of  water.  The  curve  obtained  fronr 
nlottinc  tire  values  obtained  by  weighing  in  water  shows  the  rate  a 
which 'the  product  is  disintegrating  since  the  water  in  the  macaron, 
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does  not  contribute  to  the  observed  weight  when  the  product  is  sub¬ 


merged. 

K.  Egg  Solids.— This  test  is  made  to  see  whether  the  actual  solids  con¬ 
tent  of  the  yolk,  whole  egg,  dried  egg  or  egg  white  meets  the  guarantee 
furnished  by  the  supplier.  This  test  is  made  with  an  air  oven  and  an 
analytical  balance  and  is  performed  by  measuring  the  weight  loss  of  a 
sample  placed  in  an  air  oven  for  16  hours  at  212  to  217  F. 

Frozen  dark-colored  egg  yolks  will  normally  contain  about  45  per  cent 
solids.  Frozen  whole  eggs  contain  about  26  per  cent  solids.  Dried  yolks 
and  dried  whole  eggs  and  dried  whites  all  contain  approximately  95 
per  cent  solids.  Frozen  egg  whites  normally  contain  about  I2V2  per 
cent  solids. 

L.  Color.— Color  of  macaroni  made  from  a  given  raw  material  can  be 
predicted  by: 

1.  Determination  of  pigment  content  and  lipoxidase  activity. 

2.  The  manufacture  of  a  disc  of  macaroni  dough  which  is  evaluated  by: 

a.  A  reflecting  photometer  (Matz  and  Larsen  1954). 

b.  Visual  comparison  with  whirling  paper  discs,  consisting  of  white, 
black,  yellow  and  red. 

c.  Visual  comparison  with  other  samples. 


3.  The  manufacture  ol  a  noodle  about  50  mm.  wide  and  comparing  its 
color  with  the  whirling  disc. 

4.  The  manufacture  of  macaroni  on  small  laboratory  ecpiipment. 
Method  1  was  worked  out  by  Irvine  (1955)  of  the  Grain  Research 

Laboratory  of  the  Board  of  Grain  Commissioners  in  Canada.  It  is  based 
upon  the  fact  that  lipoxidase  activity  destroys  the  pigment  in  semolina 
during  mixing.  This  is  the  fastest  method,  requiring  only  30  minutes  to 
obtain  lesults.  The  pigment  is  determined  by  extraction  with  n-butyl 

alcohol  solution  and  measurement  of  light  transmittance  at  selected 
wave  lengths. 

Lipoxidase  activity  is  measured  by  Warburg  techniques.  The  pre¬ 
dicted  macaroni  color  score  is  obtained  by  substituting  the  top  values  of 
lght  transmittancy  and  lipoxidase  activity  into  an  equation  which  can 
be  found  in  the  original  reference.  Extensive  research  shows  good  corre¬ 
lation  between  predicted  and  natural  color  scores. 

Method  2  uses  macaroni  discs  formed  by  mixing,  kneading,  sheeting 
pressing  and  drying  a  small  quantity  of  semolina  to  form  a  disc  approxi- 
mutely  50  mm.  in  diameter  and  approximately  three  mm.  thick.  This  is 

MethodV3 4 * * * * * * 11  ’  T  fryinf,°f  the  discs  hlkes  as  ™ch  as  two  days.  ' 
Method  3  using  a  rolled  noodle  in  place  of  the  disc  is  faster  because  the 

pomus  noodle  dries  faster  than  a  disc  without  checking,  but  the  opacitv 

uused  by  air  bubbles  obscures  the  yellow  color  somewhat. 
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Method  1  is  recommended  because  it  is  simple  and  fast.  However,  it 
does  not  predict  the  amount  of  grayness  in  the  macaroni.  This  can  be 
detei mined  by  studying  the  color  of  the  gluten  washed  out  of  the  semolina. 


CANNED  AND  FROZEN  PRODUCTS 

Quite  a  large  volume  of  spaghetti  and  other  products  is  used  in  the 
United  States  in  canned  form  with  meat  balls,  tomato  sauce  or  other 
types  of  sauce.  The  flow  sheet  of  spaghetti  canning  procedure  would  in¬ 
clude  the  operations  of  blanching,  cooling,  filling,  saucing,  closing,  proc¬ 
essing,  cooling  and  storage.  Details  of  the  procedure  used  will  vary 
quite  widely  from  one  manufacturer  to  another.  However,  certain  con¬ 
siderations  are  uniform  and  are  worthy  of  mention. 

Blanching  (or  preliminary  cooking)  is  done  in  a  great  deal  of  water 
at  boiling  temperature.  Spaghetti  is  added  in  relatively  small  amounts 
to  prevent  matting  of  the  material  when  it  starts  to  swell  and  absorb 
water.  Some  manufacturers  use  undried  spaghetti  only  a  few  minutes  off 
the  press.  A  continuous  overflow  of  water  during  the  blanching  is 
arranged  to  eliminate  the  accumulation  of  excess  starch.  If  the  product 
is  not  blanched  sufficiently,  there  may  be  excessive  matting  of  the  final 
product.  Overblanching  may  result  in  loss  of  texture,  poor  sauce  absorp¬ 
tion  or  adhesion  and  dilution  of  sauce  flavor.  A  blanch  which  is  just 
long  enough  to  soften  the  strands  throughout  and  still  prevent  matting  of 
the  canned  product  should  be  employed.  This  will  be  appioximatelv  7 
to  10  minutes  in  boiling  water.  Under  these  conditions,  weight  of  water 
somewhat  greater  than  the  weight  of  dry  spaghetti  will  be  absorbed. 

After  blanching,  spaghetti  should  be  cooled  with  cold  watei  to  stop 
the  cooking  or  softening  action.  A  gradual  cooling  over  a  period  of  one 
to  one  and  one-half  minutes  under  cold  water  sprays  is  supposed  to  be 
better  than  instantaneous  cooling. 

In  most  cases,  spaghetti  is  filled  in  cans  by  hand  since  its  nature  pre¬ 
cludes  automatic  filling.  The  weight  used  depends  on  the  make-up  of  the 
sauce,  the  size  of  the  can  and  the  amount  of  water  that  has  been  absorbed 
during  the  blanch.  The  amount  of  fill  must  be  determined  experimentally. 

Experience  has  shown  that  the  rate  of  heat  penetration  is  increased 
when  containers  of  spaghetti,  which  tends  to  mat  m  the  bo  otn  o  the 
c  m  is  processed  on  the  side.  Process  times  used  tor  spaghetti  having  a 
pH  below  4.8  are  given  in  Table  62  on  page  319.  Canning  proces 
times  for  any  product  should  only  be  established  after 
the  product,  can  size,  etc.  by  competent  technical  pei.sonn  .  .. 

he  cooled  promptly  in  a  water  bath  to  an  average  temperature  of  100  F. 

following  the  processing.  ,  ...  jn{r 

It  can  be  seen  from  the  above  description  of  the  spaghetti  cann  g 
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Table  62 

SPAGHETTI  CAN  PROCESSING  TIMES 


Can  Size 


Initial  _ processTimeat 

Temp.  240  °F.  2d0  F. 

°F.  Min.' 


Min. 


300  X  407 
303  X  406 
307  X  409 


140 

140 

140 


55 

60 

70 


50 

50 

60 


process  that  the  product  is  exposed  to  a  period  of  long  cooking.  If  the 
product  is  not  made  out  of  the  highest  quality  raw  material,  it  will  be¬ 
come  soft  and  mushy.  Some  manufacturers  of  canned  products  add  mate¬ 
rials  to  the  basic  product  of  durum  wheat  semolina  to  prevent  this  break¬ 
down.  One  such  product  is  egg  whites  in  quantities  from  about  0.75 
per  cent  to  as  high  as  two  per  cent.  Egg  white  causes  the  product  to 
retain  its  structure  and  firmness  in  spite  of  the  excessive  cooking. 

Another  product  that  can  be  added  is  gum  gluten.  According  to  the 
Federal  Standards  of  Identity,  gum  gluten  can  be  added  in  an  amount 
sufficient  to  bring  the  total  protein  content  of  the  finished  product  up  to 
13  per  cent.  Gum  gluten  is  effective  in  increasing  the  resistance  to  over¬ 
cooking.  However,  some  additional  grayness  is  added  by  an  excessive 
quantity  of  gum  gluten.  Ordinarily,  an  amount  necessary  to  bring  the 
final  protein  up  to  13  per  cent  will  not  be  undesirable  and  will  help  con¬ 
siderably  in  strengthening  the  product. 

Many  macaroni  and  noodle  products  are  being  used  in  precooked 
frozen  dinners  of  macaroni  and  cheese,  macaroni  and  spaghetti  and  meat 
sauce,  tuna  and  noodles  and  many  others.  Somewhat  the  same  prepara¬ 
tion  techniques  are  used  for  freezing  as  are  used  for  canning.  Gum 
gluten,  egg  whites,  and  additional  protein  added  by  soy  flour  all  have 
an  influence  in  making  the  product  stand  up  during  processing  and  re¬ 
heating.  It  has  been  established  experimentally  that  a  precooked  frozen 
product  reinforced  with  gum  gluten  and  cooked  slightly  less  than  would 
be  desirable  for  immediate  consumption,  can  result  in  a  finished  product 
that  is  very  near  in  palatability  and  firmness  to  a  fresh  cooked  product. 
Complete  details  of  freezing  techniques  and  recipes  for  macaroni  prod¬ 
ucts  have  been  compiled  by  Tressler  and  Evers  (1957). 
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CHAPTER  12 


C.  G.  Harrel 


Manufacture  of  Prepared  Mixes 


INTRODUCTION 

Patent  protection  on  prepared  mixes  is  far  more  difficult  to  secure  than 
patent  protection  on  mechanical  or  chemical  developments.  Probably 
one  reason  why  this  is  true  is  the  fact  that,  over  hundreds  of  years,  many 
different  recipes  and  formulas  have  been  developed  in  the  home,  hotels, 
and  institutions  all  over  the  world.  These  formulas  and  recipes  have 
been  widely  published  by  various  magazines,  newspapers  and  other 
agencies.  Because  of  the  difficulty  of  obtaining  patent  protection,  secrecy 
is  frequently  resorted  to  in  an  attempt  to  guard  any  new  developments  in 
the  prepared  mix  field.  Under  the  revealing  eyes  of  modern  analytical 
chemistry  or  through  leaks  which  frequently  occur,  the  lifetime  of  such 
concealment  is  often  very  short.  Even  so,  a  lead  of  six  to  twelve  months 
on  a  new  product  is  sufficient  in  many  instances  to  obtain  a  major  portion 
of  the  market  existing  for  such  a  product.  Many  who  read  this  must  have 
a  sympathetic  understanding  when  certain  modern  developments  are  not 
mentioned,  because  it  may  be  your  industrial  organization  or  mine  that 
is  protecting  itself.  Such  information  will  be  revealed  when  it  becomes 
antiquated  or  replaced  by  better  ingredients,  methods,  or  processes. 

The  first  prepared  mix  was  made  in  1849  when  Henry  Jones  of  England 
assigned  a  United  States  Patent  Number  6418,  to  J.  Fowler  of  Baltimore, 
in  which  a  balanced  self-rising  flour  was  prepared  from  an  aged  mixture 
of  flour  and  tartaric  acid  blended  with  sodium  bicarbonate.  Truly  self¬ 
rising  flour  is  the  grandfather  of  all  prepared  mixes. 

Pancake  or  griddle  mix  next  appeared  on  the  horizon.  This  mix  con¬ 
sists  of  various  combinations  of  wheat,  corn,  buckwheat  and  rye  flours 
with  the  proper  leavening  ingredients,  and  sold  nationally  with  the  Aunt 
Jemima  brand  dating  back  to  the  1880’s.  This  mix  was  first  advertised  in 
magazines  not  long  after  1880.  The  brand  was  acquired  by  the  Quaker 
Oats  Company  in  1925.  After  these  early  developments  there  followed 
doughnut  mixes,  cake  mixes,  biscuit  mixes,  etc. 

Prepared  mixes  are  distributed  in  four  distinctly  different  channels: 

.  Through  grocery  stores  for  home  consumption.  The  majority  of 
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such  mixes  call  for  the  addition  of  eggs  and  some  for  the  addition 
of  both  eggs  and  milk. 

2.  Through  institutions  such  as  restaurants,  hotels,  hospitals,  orphan¬ 
ages,  etc.  This  type  of  mix  usually  is  a  complete  mix  requiring  the 
addition  of  water  only. 

3.  Through  bakeries.  These  are  very  similar  to  the  institutional  mixes 
but  are  usually  put  into  much  larger-sized  packages.  A  great  num¬ 
ber  of  them  are  complete,  but  they  are  also  marketed  as  incomplete 
mixes,  calling  for  the  addition  of  one  or  two  ingredients. 

4.  Mixes  for  the  Armed  Forces.  These  are  complete  mixes.  Such 
mixes  must  have  a  greater  stability  than  any  of  the  other  ones  men¬ 
tioned  above.  To  achieve  this  it  is  necessary  to  produce  these  mixes 
from  a  low  moisture  flour  in  the  proximity  of  o  to  /  per  cent  as 
shown  by  research  investigation  at  the  Quartermaster  Food  and 
Container  Institute  for  the  Armed  Forces  (Matz  et  al.  1955). 

There  are  five  different  types  of  mixes,  namely: 

1.  Those  leavened  by  chemicals  for  use  in  making  doughnuts,  cakes, 
muffins,  etc. 

2.  Those  leavened  by  yeast,  examples  of  which  are  those  used  for 
making  bread,  rolls,  buns,  yeast  raised  doughnuts,  etc. 

3.  Those  leavened  by  aeration  with  or  without  the  addition  of  chemi¬ 
cals  acting  as  leavening  agents;  examples  of  which  are  foam  type 

angel  food,  sponge  cake  mixes,  etc. 

4  Those  leavened  with  chemicals  and  flavored  with  fermentation  prod¬ 
ucts  from  yeast  such  as  instant  bread  mix,  developed  by  the  Quarter¬ 
master  Food  and  Container  Institute  (Davis  and  Matz  1958,  C  i  er 

et  al.  1958). 

5  Non-leavened,  such  as  pie  crust  mix. 

Prepared  mixes  bring  to  the  user  the  following  benefits:  (A)  con¬ 
venience;  (B)  uniformity  of  product;  (C)  better  products;  and  (D)  more 

economical  products.  .  nf 

They  bring  convenience  in  that  there  is  no  weighing  or  measuring 

individual  ingredients.  Measurements,  particularly  in  the  home  and 
some  institutions,  are  exceedingly  inaccurate.  Measurements  and  weigh- 
Tof  ingredients  consume  time  and  frequent  losses  of  mdiv.dua n- 
g  edients'occur,  all  of  which  result  in  products  winch  am  no t  f o  m 
from  day  to  day  or  week  to  week.  Failures  in  products  baked  P> 
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individual  ingredients  are  present,  that  they  are  homogenous  and  con¬ 
form  to  existing  rigid  standards,  particularly  in  performance. 

Mixes  bring  the  consumer  ingredients  of  unproved  quality,  which  are 
not  available  to  many  of  the  consumers,  since -the  user  does  not  have 
access  to  the  improved  leavening  ingredients,  the  moie  pow  t  i  u  emu 

sifiers,  specially  developed  milk  solids,  etc. 

Prepared  mixes  employ  highly  developed  methods  of  bulk  handling 
of  ingredients  and  bring  about  certain  savings  that  are  passed  on  to  the 
consumer.  Bulk  handling  of  shortening  saves  approximately  $1.80  to 
$1.85;  flour,  200  to  400;  sugar,  250  to  400;  cornstarch,  250  to  400;  corn 
flour,  200  to  400,  per  cwt.  This  economy  cannot  be  secured  by  house¬ 
wives,  small  institutions  and  bakeries,  due  to  additional  cost  of  packag¬ 
ing,  labor,  etc.  These  savings,  together  with  modern  methods  of  manu¬ 
facturing,  have  literally  brought  the  automobile  assembly  line  into  op¬ 
eration  in  the  mix  industry  and  made  a  firm  foundation  for  the  existence 
of  prepared  mixes  for  all  time. 

Examining  the  growth  of  prepared  mixes,  Anderson  of  General  Mills, 
Inc.,  in  a  talk  before  the  1954  meeting  of  the  Grocery  Manufacturers  of 
America,  said: 

“Probably  no  single  food  product  group  can  match  the  growth  of  baking 
mixes  since  1948.  What  is  more  significant  is  the  fact  that  this  growth  has 
largely  resulted  in  entirely  new  business.  When  you  stop  to  consider  that  to¬ 
day  there  are  some  600  million  cakes  baked  with  cake  mixes  each  year,  and 
that  during  this  same  time  the  cake  flour  business  has  given  up  only  a  volume 
equal  to  150  million  cakes,  it  is  plain  to  see  that  approximately  three-fourths 
of  industry  volume  is  new  business.” 

Ten  years  ago  there  were  some  two  feet  of  shelf  space  in  modern 
super  market  allowed  for  the  display  of  prepared  mixes.  Today  mixes 
occupy  approximately  20  to  25  feet  of  shelf  space.  Nationally  prepared 
mixes  are  fundamentally  new,  and  their  growth  has  been  phenomenal. 

It  is  estimated  that  the  sale  of  family  mixes  at  present  amounts  annually 
to  $300,000,000,  bakery  mixes  to  $103,000,000,  and  institutional  mixes  to 
$18,000,000,  making  a  total  of  $421,000,000.  In  the  past  five  years,  the 
sales  of  mixes  for  home  use  have  increased  30  per  cent.  In  the  next 
seven  years,  it  is  estimated  that  the  increase  will  be  from  50  to  60  per 
cent.  Large  increases  are  also  anticipated  in  institutional  and  bakery 
mixes.  At  present  there  are  some  90  different  types  of  mixes  on  the 
market.  By  different  types,  we  do  not  refer  to  different  flavors  or  slight 
variations  in  the  same  type.  There  is  probably  an  average  of  five  differ- 

S  Variati0ns  in  each  ‘ype,  making  approximately 

500  individual  mixes  in  the  home  field.  The  bakery  and  institu- 
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tional  mixes  probably  increase  this  by  120,  making  approximately  670 
individual  mixes. 


FORMULATION  OF  MIXES 

To  attempt  to  give  information  on  90  different  types  of  mixes  is  far 
beyond  the  scope  of  this  chapter.  Consequently  only  the  following  will 
be  discussed: 

( 1)  formulas  for  a  few  simple  basic  mixes;  (2)  new  methods  of  arriving 
at  a  formula  for  a  prepared  mix;  (3)  some  of  the  essential  functions  and 
properties  of  the  major  ingredients  going  into  prepared  mixes;  and  (4) 
a  few  of  the  manufacturing  processes. 

The  simplest  and  oldest  formula  is  that  of  self-rising  flour.  This  mix 
is  still  used  extensively  throughout  the  South.  The  formula  is  so  common 
that  it  is  essentially  fixed  in  the  Food  and  Drug  Administration’s  Defini¬ 
tions  and  Standards  of  Identity  for  Cereal  Flours  and  Related  Products, 
Section  15.50: 


“(a)  Self-rising  flour,  self -rising  white  flour,  self-rising  wheat  flour,  is  an 
intimate  mixture  of  flour,  sodium  bicarbonate,  and  the  acid-reacting  substance 
monocalcium  phosphate  or  sodium  acid  pyrophosphate  or  both.  It  is  sea¬ 
soned  with  salt.  When  it  is  tested  by  the  method  prescribed  in  paragraph  (c) 
of  this  section  not  less  than  0.5  per  cent  of  carbon  dioxide  is  evolved.  The 
acid-reacting  substance  is  added  in  sufficient  quantity  to  neutralize  the  sodium 
bicarbonate.  The  combined  weight  of  such  acid-reacting  substance  and 
sodium  bicarbonate  is  not  more  than  4.5  parts  to  each  100  parts  of  flom  used. 

Expressed  in  terms  of  per  cent,  this  formula  is  as  follows: 


Self-Rising  Flour 

Ingredients 

Flour 

Soda 

Anhydrous  calcium  phosphate 
Salt 

Total 


Percentage 

95.00 

1.32 

1.64 

2.04 


100.00 


The  flour  used  is  one  suitable  for  biscuits  and  quick  breads.  The  flour 
used  in  the  majority  of  cases  is  bleached  Hour.  There  are  t  tree  types  o 
bleaches— namely :  (1)  chlorine;  (2)  chlorine  d, ox.de;  and  S 0  benzyl 

peroxide.  Any  one  of  these  may  be  used  alone  or  in  combination  w> 
die  others  Usually  the  flour  that  produces  the  whitest  color  in  the  biscu 
nroducMs  preferred.  Chlorine  dioxide  and  chlorine  contribute  to  the 
development  of  the  proper  baking  characteristics,  such  as  volume  tex  me 

and  grain,  whereas  benzoyl  peroxide  functions  only  to  improve  the  co  op 

With  reference  to  the  different  methods  of  producing  mixes,  there 
a  very  wide  variation  in  the  types  of  equipment  used.  Anyone  who  has 
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a  small  batch  mixer  and  scales  can  be  in  the  mix  business,  by  weighing 
the  individual  ingredients  and  mixing  them  with  this  very  simple  equip¬ 
ment. 

Perhaps  one  of  the  earliest  and  simplest  methods  of  continuous  type 
mixing  is  in  the  case  of  self-rising  flour. 

Self-rising  and  phosphated  flour  may  be  made  on  a  continuous  basis 
by  using  Merchen  Powered  Scale  Feeders.  The  ingredients  used,  namely 


Fig.  81. 


Merchen  Feeders  Used  in  Bakery  Mix  Production 


Hour,  salt,  soda  and  phosphate  are  loaded  into  bins.  Under  each  bin 
there  is  installed  a  Merchen  Powered  Scale  Feeder.  These  feeders  dis- 
charge  into  a  common  pick-up  conveyor. 

After  the  materials  have  been  collected  in  the  pick-up  conveyor  they 
may  pass  rough  one  or  two  more  conveyors  to  insure  proper  mixing. 
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The  pick-up  conveyor  may  also  discharge  into  a  continuous  mixer  for 
mixing  the  materials,  or  the  pick-up  conveyor  may  discharge  into  a  batch 
mixer  which  will  thoroughly  mix  the  materials.  All  three  methods  of 
mixing  are  satisfactory. 

The  manufacturer  of  the  self-rising  flonr  first  determines  at  what  rate 
he  wishes  to  produce  the  finished  product.  The  automatic  measuring 
devices  are  then  set  so  they  will  feed  each  ingredient  at  the  desired  rate. 
The  scales  are  electrically  interlocked  so  that  if  any  one  scale  fails  to 
function  properly,  it  will  shut  down  the  entire  system.  If,  for  some 
reason,  one  of  the  ingredient  bins  should  run  empty,  the  system  will  also 
automatically  shut  down. 

Let  us  now  examine  a  number  of  household  recipes  foi  making  biscuits. 
We  find  that  there  are  three  ingredients  present  in  these  recipes  which 
are  not  found  in  self-rising  flour,  namely,  shortening,  milk  and  sugar. 
Calculate  the  amount  of  skim  milk  used  to  the  equivalent  in  non-fat 
milk  solids  and  add  other  ingredients  which  were  not  in  the  self-rising 
flour.  This  gives  us  a  biscuit  mix,  the  formula  for  which  is  shown  below. 


Biscuit  Mix 

Ingredients 

Flour 

Shortening 

Sugar 

Salt 

Anhydrous  calcium  phosphate 
Soda 

Non-fat  milk  solids 
Total 


Percentage 

80.04 

12.67 

1.81 

1.81 

1.60 

1.27 

0.80 


100.00 


This  is  a  mix  that  is  suitable  for  institutional  ^e,  yet  not  so  lugh  m 
solids  that  liquid  milk  cannot  be  added  d  desned.  s  sufflerent  yj  g 
in  milk  solids  to  allow  water  to  °  Culator 

individual  ingredients  wd^ vary  and  sugar  are  the 

ingrecbents  responsible  for  richness  and  may  be  increased  to  change  tins 

"tdLring  biscuit  mix,  the  simpkst  way isto  - 

The  continuous  method  just  described I  for ^self-rising “^^uld 

All  of  the  dry  ingredients  are  mixed  J^lm  milg  process.  There 
be  analyzed  to  determine  t  u  uni  on  0ne  0f  the  simplest 

ZT&  is  slight,y  d“ from 
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one  made  with  plastic  shortening.  It  is  somewhat  moister  and  has  a 
slight  tendency  to  hold  more  water.  Another  way  of  incorporating  the 
shortening  is  to  spray  it  in.  This  can  be  done  in  a  continuous  stream  01 
in  a  batch  mixer.  The  third  way  is  to  use  plastic  shortening,  employ  mg 
high  speed  cutters  that  actually  cut  the  shortening  into  the  mixed  mgrecii- 
ents  as  they  are  discharged  from  a  conveyor  at  a  constant  rate.  1  he 
plastic  shortening  is  discharged  into  the  cutter  at  a  uniform  rate  This 
produces  a  very  simple  system  of  continuous  manufacture  of  biscuit 
mixes.  A  fourth  way  to  incorporate  shortening  is  to  use  a  ribbon  mixer 
fitted  with  wires. 

Pancake  mix  is  very  widely  used  in  the  home  and  in  institutions.  The 
simplest  form  of  a  pancake  mix  would  be  a  pure  wheat  pancake.  The 
formula  given  below  for  a  wheat  pancake  mix  differs  very  little  from  the 
formula  for  the  biscuit  mix.  The  chief  difference  is  that  very  coarse  flour 
middlings  that  can  be  described  as  farina,  and  a  small  percentage  of 
sodium  acid  pyrophosphate  have  been  used.  The  farina  middlings  are 
incorporated  to  make  the  baked  pancake  more  tender.  The  sodium  acid 
pyrophosphate  is  used  to  slow  down  the  rate  at  which  the  carbon  dioxide 
is  liberated.  This  slowdown  of  the  evolution  of  the  carbon  dioxide  is 
desirable  for  a  pancake  mix  used  in  institutions  where  one  mixing  of 
pancake  batter  is  made  during  the  day  and  the  cakes  are  continuously 
baked  therefrom. 


Pancake  Mix  Using  All-Wheat  Flour 


Ingredients 

Percentage 

Flour 

80.85 

Dextrose 

4.85 

Salt 

1.00 

Non-fat  milk  solids 

4.09 

Shortening 

3.24 

Soda 

1.22 

Sodium  acid  pyrophosphate 

1.01 

Anhydrous  monocalcium  phos¬ 
phate 

.50 

Recleaned  fine  middlings 
(farina) 

3.24 

Total 

100.00 

A  good  type  of  flour  used  is  one  that  has  a  protein  level  of  10.0  per  cent 
and  ash  of  .42  to  .44  per  cent,  bleached  with  chlorine  to  a  pH  of  5.4. 

Wheat  flour  pancakes  are  rather  limited  in  their  distribution.  The 
most  commonly  used  pancake  mix  is  one  where  the  shortening  is  elimi¬ 
nated  and  corn  flour  is  introduced  to  obtain  tenderness.  Cornstarch  or 
nee  flo"r  are  frequently  used  to  obtain  dryness  in  baked  pancakes  A 
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small  percentage  of  floors,  such  as  rye,  is  frequently  introduced  to  obtain 
flavor.  The  flour  used  is  unbleached,  as  this  gives  much  better  keeping 
qualities  than  bleached  flour. 


Conventional  Type  Pancake  Mix 


Ingredients 

Percentage 

Flour 

55.63 

Corn  flour 

29.00 

Rve  flour 

3.00 

Rice  flour 

3.52 

Com  sugar 

2.00 

Salt 

3.07 

Soda 

1.78 

Anhydrous  monocalcium  phos¬ 
phate 

2.00 

Total 

100.00 

This  type  of  pancake  floor  can  be  made  in  batch  mixers,  or  in  con¬ 
tinuous  mixers  by  simply  extending  the  number  of  continuous  feeders. 
Flavor  may  also  be  varied  by  using  small  percentages  of  dried  buttermilk. 

Buckwheat  is  another  flour  used  for  pancake  purposes.  Approximately 
30  per  cent  buckwheat  flour  is  used  and  the  percentage  of  white  flour 
and  yellow  corn  flour  are  decreased.  Quality  control  mill  tests  aie  inn  b\ 
making  bakings  immediately  after  the  mix  is  made  and  pH  tests  aie 

usually  sufficient  to  insure  uniformity. 

Turning  our  attention  to  cake  mixes,  the  reader  would  do  well  to  reiei 
to  Military  Specifications,  Mil-B-3071B  of  April  8,  1958,  and  also  Mil-C- 
35009A,  giving  the  specifications  for  a  Universal  Cake  Mix,  whic  o 


course  is  a  white  cake  mix.  .  .  . 

Below  is  a  typical  formula  for  this  white  cake  mix.  It  is  to  be  noted 

in  this  formula  that  the  flour  has  to  be  dried  to  a  six  per  cent  moisture 
and  the  shortening  must  he  of  the  hundred-hour  type  according  o  t  e 
active  oxygen  method  test.  Both  of  these  requirements  aie  to  msu 

improved  keeping  quality  in  the  cake  mix. 

A  distinctly  different  type  of  cake  mix  is  known  as  a  foam-type  cake. 
This  usually  is  a  two-package  mix.  The  egg  albumen  anc  a  poi  ion 
the  sugar  and  some  anhydrous  monocalcium  phosphate  are  thoroug 
I' -ed  A  small  Percentage  of  flavoring  (powdered 

constitutes  about  .1  to  .2  per  cent,  may  be  added  to  thirst  ^ 

S  “  Z  TXed  «  ha^d  or  in  a  mixer  to  the  right 
•fie  rravitv  It  is  highly  important  that  the  albumen  used  be  a  fas 
whipping^ne.^  The 'particulars  of  these  albumens  are  discussed  m  detail 

elsewhere  in  this  chapter. 
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Universal  Cake  Mix 
Ingredients 

Flour,  6  per  cent  moisture 
Sugar 

Shortening- 100-hour 
Egg  albumen 
Non-fat  milk  solids 
Soda 

Sodium  acid  pyrophosphate 
Monocalcium  monohydrate 
Salt 

Powdered  vanilla 
Total 

Angel  Food  Cake  Mix 


Ingredients 

Percentage 

Part  1 

Egg  albumen 

31.00 

Sugar,  bakers’  special 

67.60 

Anhydrous  monocalcium  phos- 

phate 

1.40 

Total 

100.00 

Part  II 

Flour 

31.00 

Sugar 

68.06 

Salt 

.50 

Cream  of  tartar 

.30 

Vanilla,  powdered 

.14 

Total 

100.00 

Percentage 

37.51 

41.00 

'13.70 

3.00 

2.50 

.54 

.15 

.55 

.90 

.15 


100.00 


The  second  part  of  this  two-package  mix  contains  flour,  sugar,  salt  and 
cream  of  tartar.  The  type  of  flour  desired  has  been  discussed  under  the 
Flour  section  of  this  chapter.  Where  high  protein  flours  are  the  only  ones 
available,  they  can  he  materially  improved  by  adding  wheat  starch  to 
Part  II  to  decrease  the  protein  level. 

It  is  very  important  that  the  package  for  Part  1  be  moisture-proof  in 
order  to  prevent  caking.  Some  trouble  has  been  experienced  by  certain 
organizations  using  inferior  packages  for  Part  I. 

Below  is  the  formula  for  an  angel  food  cake  mix.  Part  l  constitutes  28 
per  cent  of  the  mix  and  Part  II,  72  per  cent  of  the  total  mix.  This  is  a 


very  easy  mix  to  manufacture,  as  all  ingredients  are  in  powder  form. 
Some  trouble  at  times  is  encountered  by  the  egg-sugar  mixture  dusting. 
1  his  can  be  cut  down  by  using  approximately  .0300  of  triethyl  citrate  as 
explained  by  Harrel  and  Baeder  ( 1958)  or  by  using  5  per  cent  pan-dried 
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albumen  in  the  dried  egg  component  of  the  mix.  Triacetin  will  also 
reduce  dusting.  This  dusting  is  very  uncomfortable  to  the  workers,  and 
ingredient  loss  can  at  times  run  high.  Sodium  hexametaphosphate  is  an 
ingredient  which  can  be  incorporated  at  a  level  of  about  0.2  per  cent, 
giving  very  desirable  properties  of  texture  and  grain  and  imparting  some 
tenderness  to  the  baked  cake.  The  use  of  sodium  hexametaphosphate  is 
patented  by  Finucane  and  Mitchell  (1954). 

Pie  crust  mix  is  an  unleavened  type.  Soft  wheat  flour,  or  a  mixture  of 
hard  and  soft  wheat  flours  may  be  used.  There  are  many  different  types 
of  shortening  which  vary  in  their  ability  to  impart  tenderness  to  the  pie 
crust.  Consequently,  considerable  experimenting  must  be  done  to  arrive 
at  the  proper  shortening.  The  shortening,  if  sprayed  on  the  flour  and 
salt  at  a  temperature  just  above  the  melting  point  of  the  shortening,  will 
produce  a  mealy  type  of  pie  crust.  Powdered  shortening  may  he  used, 
and  this  likewise  will  produce  a  very  mealy  form.  When  plastic  shorten¬ 
ing  is  cut  in  so  that  there  are  flakes  of  shortening,  a  flaky  type  of  pie 
crust  will  result.  It  is  important  that  the  melting  point  of  the  shortening 
be  such  that  the  mix  will  not  decrease  in  volume  during  the  summer 
months,  and  yet  will  perform  well  during  the  winter  months.  It  has  at 
times  been  the  practice  to  have  one  type  of  melted  shortening  for  the 
winter  months,  and  another  of  higher  melting  point  when  the  product  is 
prepared  for  summer  use.  This  pie  crust  mix  is  very  simple  and  a  rela¬ 
tively  easy  one  to  make. 


Pie  Crust  Mix 


Percentage 

64.00 

2.00 

34.00 


Ingredients 
Flour,  unbleached 


Salt 

Shortening 


100.00 


Total 


Six  very  elementary  formulas  have  been  presented.  If  the  question  was 
raised  as  to  how  these  formulas  were  first  secured  it  will  be  found  that 
pifWr  wpll-develooed  bakerv  recipes  or  household  recipes  were  con- 
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Dermitted  the  easy  and  accurate  formulation  of  cake  mixes,  bread  mixes, 
pie  cmst  mixes,  etc.,  having  unique  properties.  Notwithstandmg  tin s 
reference  is  frequently  made  to  established  formulas  and  home  recipes. 


MIX  INGREDIENTS 

If  all  of  the  dry  ingredients  of  a  mix  are  weighed  and  combined,  and 
liquid  added  as  in  the  home,  bakery  or  institution,  the  baking  results  are 
the  same  as  if  these  dry  ingredients  had  been  weighed  and  a  pre-mix 

made  out  of  them.  . 

It  does  not  follow  that  if  we  allow  the  dry  mix  to  stand  and  bake  it  at 

later  periods,  the  baking  results  will  be  the  same.  We  have  deemed  it 
advisable  to  present  a  detailed  account  of  some  of  the  properties  of  the 
major  constituents.  These  constituents  are:  (1)  flour;  (2)  leavening 
agents;  (3)  shortening;  (4)  eggs  (albumen,  yolk  and  whole);  (5)  milk; 
and  (6)  sugar. 

The  importance  of  flavoring,  spices,  etc.  in  mixes  should  not  be  mini¬ 
mized.  Many  flavoring  ingredients  such  as  vanilla,  lemon,  orange,  etc., 
which  are  added  in  a  very  small  percentage,  have  little  effect  on  the  bak¬ 
ing,  but  flavors  such  as  chocolate,  cocoa,  caramel,  brown  sugar,  fruits, 
nuts  and  other  heavy  or  solid  ingredients  at  times  affect  the  baking  results, 
and  changes  in  the  formula  must  be  made.  With  fruits,  nuts,  etc.,  it  is 
frequently  necessary  to  use  more  flour  or  a  stronger  type  of  flour. 

In  the  baking  industry,  mixes  are  frequently  made  which  consist  of 
nothing  more  than  two  or  three  types  of  flour.  These  are  properly  called 
mixes.  For  example,  a  mix  is  made  of  70  per  cent  spring  wheat  flour 
and  30  per  cent  rye  flour  for  the  production  of  rye  bread.  Another  ex¬ 
ample  would  be  a  mix  of  60  per  cent  hard  winter  wheat  flour  and  40  per 
cent  whole  wheat  flour  for  the  production  of  bread. 

Flour1 

Federal  Definitions  and  Standards  of  Identity  for  wheat  serve  as  a 
rather  crude  guide  to  the  kind  of  flour  which  may  be  produced  therefrom. 
Those  wheats  falling  into  the  class  'hard  are  most  suited  for  the  produc¬ 
tion  of  bread  flour  or  all  purpose  family  flour,  while  those  wheats  which 
fall  into  the  class  soft  are  most  desirable  for  chemically  leavened  prod¬ 
ucts  such  as  biscuits,  cakes,  cookies  and  crackers. 

Within  each  class  of  wheat,  as  established  by  the  Federal  Standards, 
are  a  great  many  varieties  which  differ  rather  markedly  in  their  per¬ 
formance  characteristics.  These  differences  are  a  result  of  plant  breeding 
programs  directed  toward  improvement  of  agronomical  and/or  functional 
characteristics  of  the  grain  or  flour  milled  from  that  grain.  Also,  within 

1  This  section  was  prepared  with  the  assistance  of  Mr.  I).  G.  Pratt. 
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each  class  of  wheat,  depending  on  soil  nutrients  and  environmental  or 
climatic  conditions,  rather  wide  ranges  of  protein  content  exist.  These 
variations  in  protein  content  govern  to  an  extent  the  end  use  of  the  flour 
milled  from  that  grain. 

It  is  possible  to  classify  flour  products  milled  from  each  of  the  wheat 
classes  according  to  their  usage.  Tables  63,  64  and  65  show  these  uses. 
These  tables  furnish  information  for  the  selection  of  the  best  flours  for 
any  given  mix.  However,  some  mix  manufacturers  do  not  adhere  to  this 
classification  strictly. 

All  flour  is  a  finely  ground  product  and  by  definition  must  pass  a  U.  S. 
Standard  100  sieve  ( 147  microns ) .  In  recent  years,  Wichser  ( 1958 )  has 
pointed  out  that  the  flour,  though  it  all  passes  through  the  Number  100 
sieve,  is  not  a  homogeneous  product.  It  contains  particles  which  range 
in  size  from  1  to  147  microns  and  those  particles  falling  within  certain 
micron  groupings  are  vastly  different  in  their  chemical  make-up,  as  well 
as  performance  characteristics.  It  has  become  possible  to  fractionate 
flours  in  the  sub-sieve  range  employing  air-fractionation  techniques. 
These  fractions  range  from  very  high  protein  to  very  low  protein  products. 

Since  it  is  possible  to  fractionate  flours  in  this  manner,  it  is  obvious  that 
particle  size  will  influence  such  things  as  free  vs.  adhered  protein,  chunky 
undamaged  starch,  fine  starch  particles,  etc.  Control  of  the  quantities 
of  these  fractions  present  in  any  flour  achieve  a  far  greater  degree  of  uni¬ 
formity  in  the  end  quality  and  function  of  the  flour. 

Referring  to  Fig.  82,  we  see  the  breakdown  of  a  hard  wheat  flour  into 
four  different  fractions,  resulting  in  the  high  protein  fraction  of  20  per 

Table  63 


COMPOSITION  AND  USES  OF  HARD  SPRING  WHEAT  FLOURS 


Protein, 
Per  cent 


Ash, 
Per  cent 


12.5  to  12.8  0 . 42  to  0 . 44 


12.8  to  13.1  0.46  to  0.48 


13.5 

15.0 


0.48 

0.48 


15.0  to  15.5  0.70  to  0.74 


Bakery  Products  in  Which  the  Flour  is  Used 

White  pan  bread  (both  sponge  and  straight  dough). 

Specialty  and  variety  breads. 

Hamburger  and  wiener  rolls. 

Yeast  raised  sweet  goods. 

Soft  rolls  (Parker  House  type). 

Doughnuts,  yeast  raised. 

Hard  rolls  and  hearth  bread.  ...  .  . 

White  pan  bread  (both  sponge  and  straight  dough). 

Hard  rolls  and  hearth  bread. 

Specialty  and  variety  breads. 

Hard  rolls  and  hearth  bread. 

Blender  flour  for  coarse  flour  breads. 

High  gluten  flour  for  Kaiser  rolls. 

Italian,  French  and  Jewish  hearth  breads.  , 

Carrier  flour  used  in  making  whole  wheat,  rye,  special  > 

Blender  flo?/ used  in  mixes  with  rye  flour  for  rye  bread 
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Table  64 


Protein, 

Per  cent 

12.25  to  12.50 


12.50  to  13.0 


15.00  to  15.50 


COMPOSITION  AND  USES  OF  HARD  WINTER  WHEAT  FLOURS 


Ash, 
Per  cent 


Bakery  Products  in  Which  the  Flour  is  Used 


0  42  to  0 . 44  White  pan  bread,  both  sponge  and  straight  doughs. 
Hamburger  and  wiener  rolls. 

Soft  rolls  (Parker  House  type). 

Specialty  and  variety  breads. 

Yeast  raised  sweet  goods  and  doughnuts. 

0  46  to  0 . 48  White  pan  bread,  both  sponge  and  straight  doughs. 

Blender  flour  in  some  variety  and  specialty  breads  and 

rolls.  . 

Blender  flour  for  chemically  leavened  biscuits,  and  muf¬ 
fin  and  waffle  mixes. 


Heavy  fruit  cake  mixes. 

0 . 70  to  0 . 74  Carrier  flour  used  in  making  rye,  whole  wheat,  specialty 
and  variety  breads. 

Blender  flour  for  baking  powder  doughnuts,  and  muf¬ 
fins  and  w'aflle  mixes. 


Table  65 

COMPOSITION 

AND  USES  OF  SOFT  WHEAT  FLOURS 

Protein 

Ash 

Per  cent 

Per  cent 

Bakery  Products  in  Which  the  Flour  is  Used 

7.5  to  8.0 

8 . 0  to  8.5 

9.0  to  9.5 


0.32  to  0.35 

0 . 35  to  0 . 38 

0.39  to  0.42 


9.5  to  10.0  0 . 45  to  0 . 48 


Angel  food  cakes. 

High  ratio  cakes  and  cookies  (no  spread). 

(Unbleached)  High  ratio  spread  cookies. 

Layer  cakes  and  pound  cakes. 

Slightly  rich  wire-cut  cookies  (no  spread). 

(Unbleached)  Cracker  topping. 

Unbleached  flour: 

General  line  of  cookies. 

Pie  crust. 

Blender  flour  in  yeast  raised  fried  goods. 

Cracker  dough. 

Blender  flour  in  yeast  raised  sweet  goods. 

Sugar  cones. 

Doughnuts. 

Bleached : 

No  spread  ice  box  cookies. 

Loaf  cakes. 

Low  ratio  cup  cakes. 

Lunch  box  cake  items. 

General  purpose  flour  used  much  the  same  as  the  0.39  to 
0 . 42  ash  flour. 


cent;  an  endosperm  chunk  of  11.5  per  cent  protein;  a  cracker  flour  of  7 
per  cent  protein  and  a  cake  flour  of  6  per  cent  protein.  This  is  quite 
unconventional  since  all  of  our  textbooks  and  teachings  have  been  that 
mrd  wheat  flours  are  suitable  for  bread  purposes  and  not  cake  production. 

The  cake  fraction  made  from  hard  wheat  performs  excellently  in  com¬ 
mercial  cake  baking. 

Fig  83  is  the  air  classification  or  protein  fractionation  of  what  was 
considered  some  years  ago  to  be  an  outstanding  soft  wheat  cake  flour. 
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The  high  protein  fraction  of  20  per  cent  is  so  strong  that  it  can  be  used 
to  strengthen  bread  flours.  It  can  be  blended  with  mixes  to  increase  the 
baking  strength  of  such  mixes;  in  fact,  it  represents  a  reserve  of  baking 
strength  which  can  be  added  at  will  to  weaker  flours. 


Fig.  82.  Hard  Wheat  Flour  Fractions  and  Their  Analyses 


Fig.  83.  Soft  Wheat  Flour  Fractions  and  Their  Analyses 


The  high  sugar  cake  flour  having  a  7.6  per  cent  protein  produces  out 
standing  fesultf  in  cake  baking.  It  is  particularly  adaptable  to  angel  food 
cakes  where  any  surface  fat  is  objectionable.  This  7.6  per  cent  proton 
Hour  is  low  in  surface  fat,  whereas  the  high  protein  fraction  is  higher 

SUFfeCe84 ‘on  the  left,  shows  an  angel  food  cake  made  from  the  parent 
stock  '  On  the  right  is  shown  an  angel  food  cake  baked  from  the  ,  6 
per  cent  protein  flour.  Tire  7.6  per  cent  protein  flour  has  had  certain  u 
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Fig.  84.  Angel  Food  Cakes  Made  With  Normal  Flour  (  Left)  and  Low  Protein 
Component  of  Air-Classified  Flour  (Right) 


desirable  flour  particles  removed  from  the  parent  stock  by  air  separation. 

It  is  possible  through  interpretation  of  the  quality  factors  discussed  here 
to  define  those  characteristics  which  are  desirable  for  certain  uses. 

Strong  bread  flours  for  use  in  hearth  breads  and  hard  rolls:  high  protein 
content,  maximum  gluten  quality  (mixing  tolerance),  great  extensibility 
and  resistance  to  extension. 

Bread  flours  for  commercial  production:  mid-range  protein  quantity, 
medium  to  strong  gluten  quality  (mixing  tolerance),  medium  to  maxi¬ 
mum  extensibility  and  resistance  to  extension,  mid-range  enzymatic  ac¬ 


tivity. 

All  purpose  flours  for  family  or  home  use:  low  to  medium  protein 
content,  weak  to  medium  protein  or  gluten  quality,  uniform  specific  vol¬ 
ume  (cup  weight  measurement),  thus  particle  size  is  important;  low  to 
moderate  enzymatic  activity. 

Cookie  and  cracker  flours:  low  protein  content  (soft  wheat),  minimum 
of  staich  damage,  low  alkaline  water  retention  capacity,  maximum  cookie 
spread,  and  low  enzymatic  activity. 

Cake  flour:  low  protein  content  (soft  wheat),  weak  gluten  quality, 
medium  to  large  amount  of  starch  damage  (for  soft  wheat),  high  alka¬ 
line  water  retention  (high  range  for  soft  wheat),  medium-low  enzyme 
activity,  and  uniformly  small  particle  size. 

An  article  discussing  the  maturing  and  bleaching  agents  used  in  pro- 
dneng  flour  points  out  that  benzoyl  peroxide  has  no  maturing  or  oxidizing 
effects;  its  only  useful  purpose  is  that  of  a  bleaching  agent  (Harrel  1952) 
Chlorine  dioxide  has  an  oxidizing  effect  and  improves  the  texture  and 
ginm  of  bread  mixes  made  from  hard  wheat  flours.  Treatment  with  chlo¬ 
rine  is  essential  tor  the  production  of  cake  flours.  Untreated  cake  flours 
may  cause  cakes  to  tall  and  have  a  concave  top  surface.  Their  texture  and 

qualities.  The  degree  of  chlo 

mg  test  results  with  the  specific  mix  under  question.  The  establ^ed  level 
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of  treatment  is  determined  by  holding  the  flour  at  a  constant  pH  value. 
Treated  or  bleached  flours  usually  have  a  shorter  shelf  life  than  untreated 
or  unbleached  flours;  consequently  in  mixes  such  as  pancake,  unbleached 
flours  are  used  in  more  cases. 


Leavening  Agents1 

Leavening  of  cereal  products  by  chemical  rather  than  fermentative 
means  dates  from  about  1842  when  U.  S.  Pat.  2,816  was  issued  to  Abel 
Conant  (1842)  for  blending  flour  with  tartaric  acid,  citric  acid,  alum,  or 
any  other  known  acid  in  the  dry  state;  sodium  bicarbonate,  a  common 
household  article,  was  to  be  dissolved  in  water,  sweet  milk  or  any  other 
liquid  for  making  up  the  dough.  As  mentioned  previously,  in  1849,  Henry 
Jones  of  England  assigned  U.  S.  Pat  6,418  to  J.  Fowler  of  Baltimore  in 


which  a  balanced  “self-raising”  flour  was  prepared  from  an  aged  mixture 
of  flour  and  tartaric  acid  (“to  allow  the  water  of  crystallization  which 
is  always  present  in  tartaric  acid,  to  be  absorbed,  and  for  the  flour  to 
coat  the  acid”)  blended  with  sodium  bicarbonate.  Jones  stated,  My 
invention  consists  in  adding  to  a  certain  weight  of  flour  such  quantities  of 
alkalies  and  acids,  sugar  and  salt  as  shall,  by  addition  of  water  only, 
enable  such  prepared  flour  to  be  manufactured  into  bread,  etc.,  with¬ 
out  the  use  of  fermenting  matter.”  Finally,  early  in  the  1900’s  mono¬ 
calcium  phosphate,  monohydrate,  replaced  tartaric  acid  and  cream  of 
tartar,  and  several  patents  proposed  the  addition  of  fats  to  self-rising 
flour,  either  directly  or  after  imbedding  the  leavening  therein.  Thus,  the 
concept  of  complete  baking  mixtures  antedates  by  about  50  years  the 

nation-wide  acceptance  of  the  product. 

It  was  a  natural  step  to  extend  the  principles  learned  in  self-rising  flour 
manufacture  to  the  prepared  mix  field  but  the  demand  for  mixes  has 
always  been  ahead  of  the  art  of  ingredient  manufacture.  Leavenmgs 
were  no  exception.  Monocalcium  phosphate  devoid  of  free  phosphoric 
acid,  sodium  acid  pyrophosphate  and  coated  anhydrous  monocalc.um 
phosphate  were  the  contributions  of  the  leavening  industry.  Other  in¬ 
dustries  developed  stable  dry  milk  and  egg  powders  which  would  re¬ 
constitute  rapidly  and  function  properly.  Special  stabilized  fats  weie 
compounded  and  highly  specific  emulsifiers  were  developed.  Each  item 
needed  to  be  compatible  with  its  neighbors  within  the  Package  m>x  yet  be 
fully  functional  when  brought  into  contact  with  .quid  A  f^allel de 

velopment  of  moisture-  ™d  Pp^f“  d  Container  Institute 

.no . f «  *.  *35—- 

blsic  data  and  coordinating  work  so  as  to  meet  the  demands  of  the  Armed 


1  This  section  was  prepared  with  the  assistance  of 


Mr.  R.  A.  Barackman. 
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Forces  for  much  needed  improvements  in  baked  products.  The  various 
industries  met  these  needs,  once  the  problems  were  defined.  The  pres¬ 
ent  products  offer  a  wide  variety  of  very  desirable  baked  goods  for  both 
home  and  institutional  consumption. 

Light,  moist,  flavorful  and  palatable  baked  goods  are  demanded  by  the 
consumer.  Proper  leavening  of  such  products  depends  upon  the  expan¬ 
sion  of  preformed  gas  cells  within  a  dough  or  batter  upon  the  application 
of  heat.  Four  sources  are  listed  below.  Carbon  dioxide  liberated  from 
sodium  bicarbonate  is  by  far  the  most  widely  used  source  of  leavening 
gas. 


Leavening  Agents  for  Prepared  Mixes 


Carbon  Dioxide.-Baking  acids  which  react  with  sodium  bicarbonate  to 
liberate  gas. 

1.  Phosphates 

a.  Calcium  phosphates. 

Monocalcium  phosphate,  monohydrate. 

Anhydrous  monocalcium  phosphate,  coated. 

Dicalcium  phosphate,  dihydrate. 

b.  Sodium  phosphates. 

Monosodium  phosphate,  anhydrous. 

Sodium  acid  pyrophosphate. 

Sodium  aluminum  phosphate. 

2.  Sulfates. 


a.  Sodium  aluminum  sulfate. 
3.  Organic  acids. 

a.  Cream  of  tartar. 

b.  Tartaric  acid. 

c.  Fumaric  acid. 

d.  Glucono-delta-lactone. 


Entrapped  Air.— 

*'  Table  68. Wh'Ch  imPr°Ve  **  re,Cnti°n  in  foam  ^  Products;  listed  in 
2.  Homogenization  of  batters  with  air- 

of  baking  powder  to  boost  the  cake’ in  the  0™™  * 

Heat  \  olatilized  Solids  or  Liquids.- 

1.  Water  vapor  as  steam  not  onlv  assists  in  nnll  „  .  •  , 

the  product.  ’  expansion,  but  cooks 

2.  Ammonium  bicarbonate-used  extensive  ;  1  • 

1  s  ,;:i  ~ . i 
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product  is  known;  a  catalyst  to  insure  complete  decomposition  would 
be  required. 

Pressurized  Gases.— No  applications  are  known  that  utilize  pressurized 
CO,,  NX)  or  the  Freon  type  aerosols. 

Much  as  the  controlled  low  moisture  content  of  starch  protects  baking 
powder  constituents  from  premature  reaction,  stability  is  likewise  im¬ 
parted  to  prepared  mixes  by  adjusting  the  moisture  content  to  below 
a  critical  level.  Matz  et  al  (1955)  concluded  that  maximum  stability 
of  such  a  preparation  is  obtained  with  flour  at  7.4  per  cent  moisture  con¬ 
tent.  However,  there  was  some  evidence  that  over-dried  flours  did  not 
withstand  storage  when  below  3  per  cent  moisture.  An  upper  limit  of 
moisture  in  the  fully  prepared  yellow  and  white  cake  mixes  was  set  at 
8.8  per  cent  if  extended  storage  was  involved.  Experience  has  demon¬ 
strated  that  each  component  in  a  dry  mix  must  be  below  a  certain  criti¬ 
cal  moisture  content  since  one  component  with  loosely  held  moisture  can 
trigger  many  interactions  between  ingredients  and  thus  destroy  baking 
efficiency  and  quality.  For  example,  high  moisture  flour  can  set  oft  the 
formation  of  free  fatty  acids  and  a  premature  reaction  of  the  leavening 
ingredient  which  significantly  depresses  baking  response.  The  remainder 
of  the  discussion  on  leavening  agents  will  assume  the  use  of  mgredrents 
which,  when  blended  and  properly  packaged,  have  excellent  stability  and 

optimum  baking  response.  .  r  hakinff 

Sodium  bicarbonate  has  been  the  source  of  leavening  gas  for .baking 

nroducts  from  the  beginning  with  no  practical  substitute  in  sight.  Ex¬ 
tensive  studies  with  both  baking  powders  and  prepared  mixes  have  re- 

an  80-mesh  sieve  anc  no  ov  tic  bakeout,  mottled  crusts  of 

Excessively  coarse  soc  a  re  i  similar  effect  has  been  noted  with 

cakes  and  brown  spots  on  uscu  . .  through  a  200-mesh 

coated  soda,  fl^^fiingfll  pancake  flour  mixes  and  sonic 
sieve,  is  acceptable  for  mandatory  for  those  sub- 

stable  products  or  impaired  baking  r«P°“f- .  d  for  the  sodium  salt  in 

Potassium  bicarbonate  is  some  im  .  ^  tQ  |)e  usec]  ;n  sodium-free 

snrrjwsf ggxxs.  it 

i  J  -  - . -  -  * 
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not  controlled  so  much  by  particle  size  as  by  the  method  of  manufacture. 
Yet,  a  certain  maximum  particle  size  is  set,  above  which  black  specks 
would  appear  on  biscuits  and  muffins.  Studies  in  this  specialized  field 
have  resulted  in  the  tailoring  of  baking  acids  to 'fit  the  needs  of  the  mix 
industry.  Combinations  of  two  or  more  baking  acids  are  often  used  to 
accomplish  specific  leavening  effects.  Each  of  the  baking  acids  listed 
previously  and  its  reaction  with  sodium  bicarbonate  will  be  discussed  in 
some  detail.  Mendelsohn  (1939)  should  be  consulted  for  manufacturing 
detail  and  chemical  control. 

Calcium  and  sodium  phosphates  have  been  widely  accepted  by  the  mix 
industry  because  of  their  purity,  stability  in  mixes,  versatility  and  reliable 
performances.  They  are  also  commercially  available  in  quantity  at  a  low 
cost.  Most  important  of  all,  consumer  demand  for  baked  goods  contain¬ 
ing  these  products  attests  to  their  acceptance. 

Monocalcium  phosphate,  monohydrate,  CaH4(P04  )2  •  H20  was  first 
patented  for  use  in  self-rising  flour  by  Horsford  (1856)  but  lacked  com¬ 
patibility  with  flour  until  about  1904  when  elimination  of  free  acid  from 
the  product  improved  this  factor.  Anhydrous  monocalcium  phosphate, 
stabilized  by  means  of  coating  (Schlaeger  1939  and  1939A,  and  Knox 
1939  and  1939A)  is  the  only  major  improvement  that  has  been  made  in 


the  manufacture  of  monocalcium  phosphate.  Whereas  the  monohydrate 
leacts  rapidly  with  bicarbonate  so  that  a  large  loss  of  carbon  dioxide 
occurs  during  the  early  stage  of  the  dough  or  batter  development,  the 
retarded  solution  of  the  coated  anhydrous  product  during  this  same  period 
saves  carbon  dioxide  for  leavening  purposes  (Barackman  1931  and  1954) 
This  retarded  gas  formation  over  a  3-  to  5-minute  period  has  been  particu¬ 
larly  suitable  for  household  mixes,  especially  when  the  more  delayed  re¬ 
action  and  added  beneficial  effects  of  the  residual  salts  of  other  baking 
acids  supplement  its  desirable  characteristics 

Dicalcium  phosphate,  CallPO,  ■  211,0,  was  proposed  as  an  acid  which 
releases  ca‘ bon  dioxide  from  bicarbonate  late  in  the  baking  process  (  |os- 
and  Ziemba  1955).  Although  it  is  used  in  some  dry  mixes  in  combil 
n  with  a  more  active  baking  acid,  its  major  application  is  in  canned  re 

8odium  acid  pyrophosphate  N  i  TT  p  n 
Which  can  be  ad  usted  in  Lartlitv  bv  m  r  “  “  VCTy  VerSatile  ™terial 
phosphate  can  be  rTde  wS rlt  ‘T®  teChni<*"e-  A  W- 

tive  to  oven  heat  or  it  can  be  leh  V  ‘  'Y  W“hin  3  d°USh  “d  *  rensi- 
’  *  Can  be  delayed  111  lts  reaction.  These  two  extremes 
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of  reactivity  would  be  indistinguishable  if  tested  by  a  simple  solution  of 
reactants  in  water  (Barackman  1954).  The  dough  system  in  which  re¬ 
action  takes  place  dictates  the  reaction  level  of  the  pyrophosphate  to  be 
selected.  As  an  illustration,  a  pyrophosphate  having  a  rapid  response  to 
heat  is  needed  for  cake  doughnuts  which  are  in  contact  with  hot  fat  for 
about  90  seconds  only.  An  intermediate  activity  satisfies  the  requirements 
for  most  household,  bakery  and  institutional  procedures.  In  this  usage 
the  pyrophosphate  reactions  are  often  adjusted  with  or  augmented  by 
the  reaction  of  coated  anhydrous  monocalcium  phosphate. 

A  pyrophosphate  which  has  greatly  delayed  reaction  is  used  in  the 
preparation  of  specialty  products  such  as  canned  biscuit  doughs  where 
inactive  leavening  is  wanted  before  and  during  the  canning  process,  yet 
regulated  gassing  within  the  can  is  essential  to  perfectly  seal  the  con¬ 
tainer.  Use  is  made  of  a  secondary  but  highly  important  characteristic 
of  pyrophosphate  as  illustrated  by  the  leaction. 


Na2H2P207  +  2NaHCO;f- 
+H-..0  (enzyme) 

2NaH-POi  +  2NaHCOs 


*  Na>P207  +  2H.O  +  2C02 
+HjO  (enzyme) 

->2Na2HPOi  +  2H.O  +  2CO« 


Data  supporting  the  hydrolysis  of  acid  or  alkaline  pyrophosphate  to  the 
orthophosphates  are  evident  from  the  following: 


Pyrophosphate  by  analysis 
(Per  cent) 

Unreacted  soda  by  C02 
analysis  (Per  cent) 

Biscuit  crumb  pH 
Biscuit  flavor 


Fresh  Dough 

2.5  Hrs. 

5  Hrs. 

90 

30 

18 

78 

19 

20 

8.5 

7.7 

Saline 

Strong  pyro- 

SI.  Saline 

phosphate 


24  Hrs. 
2 

21 

7.5 

Saline 


of  the  delayed  reaction  of  a  .  *  s  same  sequence  of  reactions  is 

hydrolysis  to  the  orthophospha  ,  £  confined  in  a  can 
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action  lias  not  yet  been  accomplished,  except  by  partially  baking  or  by 
freezing  of  doughs  and  batters. 

Sodium  aluminum  phosphate,  NaH,,Al3(P04)8  •  4HoO,  is  a  special 
product  which  reacts  late  in  the  baking  eycle  when  a  sustaining  action  is 
wanted  (McDonald  1951  and  1951A).  This  assists  in  the  completion  of 
bake-out  with  removal  of  under  crust  water.  Cakes  made  with  this  prod¬ 
uct  in  combination  with  coated  anhydrous  monocalcium  phosphate,  main¬ 
tain  softness  and  a  moist  eating  quality  longer  than  if  a  pyrophosphate 
were  used. 

Sodium  aluminum  sulfate,  Ab( SO4 )3  ■  Na^SO-i,  in  combination  with 
monocalcium  phosphate,  monohydrate,  sodium  bicarbonate  and  starch 
are  the  components  of  baking  powders  which  are  used  in  commercial,  in¬ 
stitutional  and  household  products.  However,  lack  of  compatibility  of 
sodium  aluminum  sulfate  with  the  ingredients  of  a  dry  mix,  which  results 
in  an  early  development  of  rancidity  and  extensive  lowering  of  baking 
quality,  obviates  the  use  of  this  baking  acid  although  it  is  very 
economical. 

Cream  of  tartar,  C|lI.-,Or,K,  either  alone  or  in  combination  with  tar¬ 
taric  acid,  (CHOH  COOH)2,  enjoyed  great  popularity  in  the  early  days 
of  leavening  development,  but  today  it  is  almost  completely  displaced  by 
less  costly  ingredients  that  are  capable  of  producing  equal  or  better  re¬ 
sults. 


Fumaric  acid,  C>H404,  is  a  recent  newcomer  in  the  leavening  field.  It 
is  one  component  of  a  baking  cream  that  also  contains  calcium  sulfate, 
monocalcium  phosphate,  and  starch.  Claim  is  made  that  this  cream  is  es¬ 
pecially  designed  to  stabilize  the  egg  white  foam  in  the  production  of 
angel  food  cake,  and  that  it  can  replace  cream  of  tartar.  This  applies 
chiefly  in  bake  shop  practice  where  fresh  frozen  egg  white  is  used.  There 
are  no  indications  that  fumaric  acid  or  a  blend  of  it  with  other  acids  is 
used  for  reaction  with  bicarbonate  probably  because  of  a  cost  factor. 

Glucono-delta-lactone  (C6Hi0O6)  is  another  acid  having  interesting  re¬ 
actions  with  bicarbonate,  but  its  cost  is  prohibitive  except  when  special 
e  ects  are  wanted.  Its  slow  but  continued  reaction  with  bicarbonate  can 
be  used  to  modify  a  leavening  action  which  needs  to  be  increased  in  the 

cent  oft  ranR<i-  AS  “  example’  ^placement  of  10  per 

curt  of  the  sodium  acid  pyrophosphate  with  glucono-delta-lactone  in  i 

WhetcostTnlr,  ftm  ^  ‘°  ptT'eDt  excessive  grease  soakage. 

c  attor’  as  111  convenience  items  for  the  armed  forrps 
possible  usages  may  be  found,  as  in  “instant  bread”  (Miller 1958  ’ 
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Table  66  summarizes  the  present  day  prepared  mixes  that  are  leavened 
with  carbon  dioxide  from  bicarbonate  and  indicates  the  baking  acid  or 
acid  combinations  that  are  used.  The  other  sources  of  leavening  gases 
will  be  discussed  briefly.  Table  67  lists  the  commonly  accepted  neutraliz¬ 
ing  values  of  two  baking  acids. 


Table  66 


Prepared  Mixes 

Common  Household  Products,  1952—1958 


A— Self-rising  Products 
Self-rising  flour 

Self-rising  cornmeal  whole  ground  and  degermed 
Self-rising  cornmeal  mix  (less  than  1 5  per  cent  wheat  flour ) 
Self-rising  pancake  mix 
B — Semi-sweet  Products 

Corn  muffin  mix  (over  40  per  cent  wheat  flour) 

Biscuit  mix  (household) 

Biscuit  mix  (institutional) 

Muffin  mixes,  specialty  products  (orange,  raisin,  etc.) 

C — Cake  Mixes 
White 
Yellow 

Devil’s  food  or  chocolate 


Spice 

Gingerbread 
Brownie  or  fudge 
Cup  cake 

Specialty  cake  mixes 
Date  bar 

Specialty  cookie  mixes 


i  Acid  Code  (bakine  acids  which  react  with  sodium  bicarbonate  to  furnish  CO,). 

1—  Anhydrous  monocalcium  phosphate,  coated  +  sodium  acid  pyrophospha  . 

2 —  Anhydrous  monocalcium  phosphate,  coated. 

4 —  Sodium  acid  pyrophosphate  +  monocalcium  phosphate,  monohydrate. 

5 —  Sodium  aluminum  phosphate.  (100  N.S.) 

7 —  Dicalchjm  phosphate,  dihydrate  +  anhydrous  monocalcium  phosphate,  coated. 

8—  Monocalcium  phosphate,  monohydrate.  (80  rs.s.; 

9 —  Sodium  bicarbonate  only. 


Acid  Code1 * * * * * 7 8 9 

2,  3,  8 
2 

2 

2,2  +  8 

2,  1 
2,  1 
3 
1 

1,  2,  3 
1,2,  3 
1,  2,  3 
1,  3 
1,  3 

3,  6,  9 
3 

5.9 

6.9 
6,  9 


(33  N.S.) 


Air,  which  is  beaten  into  the  foam  type  of  cake  batter,  along  with 
steam  accounts  for  nearly  all  the  volume  that  is  attained  in  ange  food 
cakes  and  the  like  Table  68  lists  chemical  coagulants  foi  egg  white  as 
well^as  Tcidifying  agents  that  adjust  the  pH  of  the  baked  procuc^  In 
some  cases  when  excess  acid  is  present,  a  minor  amount  of  sodium 
carbonate  adjusts i*e  pH I  to ^an 

manufacture.  Some  specialty  products 
mixes  rely  upon  a  combination  of  foam  and  leavening 
the  foam  being  folded  into  a  shortened  batten  ,  as 

Water,  when  volatilized  as  steam,  plays  an  obvious  role, 
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Table  67 

Neutralizing  Strength  Of  Baking  Acids  In  Commercial  Usage 


Anhyd.  Monocalcium 
Phosphate, 

Per  cent 

Sodium  Acid 
Pyrophosphate, 

Per  cent 

Neutralizin 

Strength 

100 

83 

90 

10 

83 

80 

20 

81 

70 

30 

78.5 

60 

40 

76 

50 

50 

73 

40 

60 

70 

30 

70 

70 

20 

80 

70 

10 

90 

70 

100 

72 

1  Pounds  of  bicarbonate  which  will  be  neutralized  by  100  lbs.  of  acid. 

Table  68 

Leavening  Agents  In  Angel  Food  Cake  Mixes 


A  package — contains  egg  white,  sugar,  coagulant,  these  to  be  whipped  in  water  to  a  light 
foam.1.  2 

Glassy  phosphate,  usually  sodium  hexametaphosphate. 

Monosodium  phosphate. 

Anhydrous  monocalcium  phosphate,  coated. 

Monocalcium  phosphate,  monohydrate. 

Cream  of  tartar. 

Tartaric  acid. 

B  package — contains  flour,  sugar,  leavening  agent,  these  to  be  folded  into  the  whipped 
foam  of  “A.”1 
Cream  of  tartar. 

Tartaric  acid. 

Monocalcium  phosphate,  monohydrate. 

Anhydrous  monocalcium  phosphate,  coated. 

Sodium  bicarbonate  (neutralizer  of  excess  acidity  and  for  pH  adjustment). 

1  Salt  is  present  in  either  the  A  or  B  package. 

2  Some  A  packages  do  not  contain  a  coagulant  for  egg  white. 


a  leavening  agent  but  as  a  cooking  medium  to  “set  cell  structure.  Much 
as  water  is  the  only  heat  volatilized  liquid,  ammonium  bicarbonate  or 
sesquicarbonate,  NH4HC03  or  (NH4)2C03  •  NH4HC03  •  H.O,  is  the  only 
commonly  used  solid  which  is  heat-volatile.  Commercial  cookie  baking 
processes  use  it  in  combination  with  sodium  bicarbonate  to  obtain  slightly 
a  kahne  baked  products.  Monocalcium  phosphate,  monohydrate,  in  very 
small  amounts  stabilizes  pH.  These  reactants  are  usually  dissolved  and 
added  in  separate  portions  of  the  water  to  assure  complete  solution  and 
even  distribution,  since  baking  time  is  as  short  as  2l/2  to  3  minutes  Be- 

TLle°  these  mechanical  limitations  and  the  deliquescent  property  of 
the  solid  ammonium  carbonates  they  are  not  used  in  dry  mixes 

ressunzed  systems  in  which  air  is  forced  by  continuous  operational 
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facilities  into  batters  result  in  homogenizing  actions;  these  are  in  use  in 
large  scale  operations.  However,  there  has  not  yet  appeared  on  the 
market  for  home  usage  a  pressurized  cake  batter  or  like  product. 

Equations  for  the  reactions  of  baking  acids  with  bicarbonate  and  the 
residual  salts  that  are  formed  can  be  chemically  defined  from  reactions 
in  boiling  water  (Mendelsohn  1939),  but  only  circumstantial  evidence  is 
available  that  similar  reactions  occur  within  a  product  during  the  baking 
process.  Undoubtedly  some  direct  reactions  take  place  between  acidic 
and  basic  components  when  water  first  contacts  the  dry  materials,  but 
as  mixing  of  the  dough  is  continued,  water  becomes  “bound”  through 
hydration  of  starch  and  protein  and  the  free  water  that  remains  becomes 
saturated  with  other  ingredients  such  as  sugar.  Partial  control  of  solu¬ 
tion  rate  by  regulating  particle  size  of  bicarbonate  and  of  baking  acids 
has  already  been  discussed  and  is  of  importance  in  the  formation  of  alka¬ 
line  and  acid  areas  which  through  a  process  of  diffusion  react  to  release 


carbon  dioxide.  Undoubtedly  protein  and  starch  form  massive  com¬ 
plexes  with  the  nearest  leavening  component.  Then,  add  the  accelerating 
influence  on  mobility  of  ions  by  increased  temperature  during  the  cook¬ 
ing  process  and  a  rather  complex,  dynamic  condition  can  be  visualized. 
Illustrations  which  support  this  view  are  spots  on  the  crusts  of  biscuits 
where  the  surface  dries  and  blocks  diffusion.  Brown  spots  originate 
from  too  coarse  a  soda  which,  because  of  alkalinity,  caramelizes  organic 
matter.  Black  spots  originate  from  too  coarse  a  baking  acid  which,  be¬ 
cause  of  a  high  concentration  of  acid,  chars  organic  matter.  Othei  evi¬ 
dence  is  noted  when  the  sliced  surface  of  biscuit  crumb  is  wet  with  an 
acid-base  indicator.  Alkaline  centers,  8  to  9  pH,  shade  off  to  acid  areas, 
4  to  6  pH,  but  when  crumb  pH  is  measured  a  neutral  7.2  pH  is  obtained. 

The  mass  effect  which  results  in  a  balanced  reaction  in  baking  products 
is  attained  through  the  use  of  baking  acids  at  their  stipulated  neutral, z- 
ing  strength.  This  is  defined  as  the  pounds  of  bicarbonate  which  cm 
be  neutralized  by  100  lbs.  of  baking  acid.  However,  cake ‘mix  formu  n 
tions  are  not  bound  to  the  theoretical  neutralizing  strength.  A J muted 
excess  of  baking  acid  can  be  used  to  obtain  certain  improved  tharact 
“tics  as  in  white  cake  mixes;  or  an  excess  of  bicarbonate,  as  ,,,  devils  food 
mixes  will  bring  out  certain  flavor  and  crumb  color  characteristics. 

The  quantity  of  carbon  dioxide  which  is  formed  from  the  reaction  of 
the  two  major  baking  acids  with  sodium  bicarbonate  is  shown  in  ig.  • 
A  typical  site  cake  mix  into  ^-r  and  egg  win,  w,e  =d  fo 

leased"  at^various  temperature’s  are  plotted  against  time.  No  practice 
means  have  been  proposed  for  measuring  the  increase  ^ 
the  temperature  of  a  batter  enters  the  baking  range.  It  was  thoug 
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the  family  of  curves  as  obtained  with  separately  run  batters,  but  having 
all  ingredients  adjusted  to  the  selected  temperature,  would  at  least  indi¬ 
cate  sensitivity  to  heat  before  coagulation  sets  in.  The  circled  five-minute 
values  would  then  describe  the  effect  of  temperature  on  the  gas-forming 

(B)  ANHYDROUS  MONOCALCIUM 


(A  )  SODIUM  ACID  PYROPHOSPHATE 
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(C)  TOTAL  VOLUME  INCREASE 

ANHYD.  M.CP- 
PYROPHOSPHATE- 
1-80  NA.  AL.  PHOS. 

DICAL.  PHOS.> 

SODA  ONLY 
NO  LEAVENING\ 

-60 


-40 


(D)  VOLUME  INCREASE  DUE  TO  LEAVENING 


-20 


70°  80' 


100° 


120°  140° 

TEMPERATURE  OF  REACTION  °F. 


anhyomop. 


120^^0° 

Fig.  85.  Leavening  Reactions  at  Various  Temperatures 

system  These  are  replotted  in  another  part  of  Fig.  85.  Also  included  are 
similarly  derived  curves  for  sodium  aluminum  phosphate,  dicalcium  phos- 
p  late,  no  leavening  and  soda  only.  It  is  significant  that  the  “no  leavening” 
curve  shows  a  positive  increase  in  volume  as  temperature  increases. 
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By  subtracting  such  values  from  total  volume  curves,  the  carbon  dioxide 
which  originates  from  the  reaction  of  bicarbonate  with  each  baking  acid 
is  obtained.  From  these  it  is  indicated  that  reaction  with  anhydrous 
monocalcium  phosphate,  coated,  becomes  activated  between  80  and 
100  F.,  whereas  pyrophosphate  is  delayed  in  reaction  after  an  initial 
carbon  dioxide  release  and  becomes  active  above  120°F.  On  the  other 
hand,  sodium  aluminum  phosphate  and  dicalcium  phosphate,  dihydrate, 
do  not  appear  to  be  active  under  140  F.,  but  baking  experience  indicates 
an  earlier  completion  of  gas  release  with  sodium  aluminum  phosphate 
but  not  with  dicalcium  phosphate.  Thus  experimental  data  are  lacking 
in  the  range  of  temperature  above  140  °F.  and  in  the  final  stages  of  bak¬ 
ing  when  steam  completes  the  release  of  carbon  dioxide. 


Shortening1 

Nearly  all  baked  products  produced  from  cereal  grains  require  varying 
quantities  of  fats  or  oils  of  one  type  or  another  in  the  formulation.  Re¬ 
quirements  for  fat  are  established  by  the  desired  physical  properties  of 
the  finished  food  product.  Fats  contribute  to  the  tenderness,  crispness, 
softness,  volume  and  to  all  other  aspects  connected  with  the  texture  of 
the  cereal  food. 

The  development  of  pre-fabricated  baking  mixes  has  brought  into  focus 
many  problems  connected  with  the  use  of  fats  and  oils  which  formerly 
were  unrecognized.  Baking  mixes  for  prolonged  storage  requirements 
place  a  high  premium  on  keeping  quality  of  the  fat.  There  are  two  as¬ 
pects  to  the  keeping  quality  problem;  first,  that  associated  with  flavor  of 
the  fat  ranging  all  the  way  from  the  development  of  slightly  offensive 
flavors  sometimes  called  by  fat  and  oils  technologists,  “reversion,”  to  com¬ 
plete  oxidative  rancidity,  and  second,  the  stability  as  expressed  in  terms 
of  continued  and  undiminished  baking  performance  values  brought  about 
by  both  chemical  and  physical  stability  of  the  fat  when  dispersed  in  the 

baking  mix.  .  .  ,  .  . 

Only  a  decade  ago,  very  little  was  known  concerning  the  baking  sta¬ 
bility  problem  of  mixes.  Rapid  advances  have  been  made.  However 
there  still  remains  many  baking  problems  with  which  certain  types  of 

fats  are  associated.  .  ,  ,  .  ,  i 

Oxidative  rancidity  still  remains  as  a  major  problem  of  the  prepared 

mix  manufacturer.  The  widespread  use  of  antioxidants,  or  oxygen  inter¬ 
ceptors  ”  has  resulted  in  a  major  improvement  and  has  greatly  broadene 
the  scope  of  the  mix  manufacturer  in  selection  of  shortenings.  No  longe 
is  the  manufacturer  of  prepared  mixes  tied  to  hydrogenated  cnttonseed  o  l 
shortenings,  but  he  is  now  in  position  to  make  use  of  products  ot  y 

1  This  section  was  prepared  with  the  assistance  of  Mr.  G.  T.  Carlin. 
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varying  formulations  manufactured  from  lard,  beef  fat,  hydrogenated 

cottonseed  oil  and  hydrogenated  soybean  oil. 

IMs  apparent  from  Table  69  that  the  antioxidants  now  in  common  use 

are  quite  effective  inhibitors  of  oxidative  rancidhy.  1S  Pr0  tnJ  1S 
longer  as  troublesome  as  it  was  formerly  to  the  manufacturer  of  fc  . 
foods  requiring  prolonged  storage  life. 


Table  69 

EFFECTIVENESS  OF  CERTAIN  ANTIOXIDANTS1 _ _ 

Stability,2 

Pot  ■  Hours 


Prime  steam  lard 
Deodorized  prime  steam  lard 

Prime  steam  lard  (plus  gum  guaiac  and  citric  acid ) 

Deodorized  prime  steam  lard  (plus  gum  guaiac  and  citric  acid) 

Prime  steam  lard  (plus  NDGA  and  citric  acid) 

Prime  steam  lard  (plus  propyl  gallate  and  citric  acid) 

Prime  steam  lard  (plus  BH A  and  citric  acid) 

Prime  steam  lard  (plus  BHA,  BH  I  and  citric  acid) 

Prime  steam  lard  (plus  NDGA  propyl  gallate  and  citric  acid) 

Prime  steam  lard  (plus  BHA,  propyl  gallate  and  citric  acid) 

Prime  steam  lard  (plus  BHA,  BH  T,  propyl  gallate  and  citric  acid) 

Hydrogenated  lard  (not  stabilized) 

Hydrogenated  lard  (plus  BHA,  NDGA  and  citric  acid) 

Hydrogenated  cottonseed  oil  (B  and  C  type) 

Hydrogenated  soya  oil  (B  and  C  type) 

Hydrogenated  shortening  containing  lard  and  cottonseed  oil  (plus  BHA  and 

citric  acid)  120-160  + 


1  Quantities  added  in  accordance  with  levels  permitted  by  U.  S.  Department  of  Agriculture. 

2  As  determined  by  the  Swift  active  oxygen  method. 


3-  8 
8-  10 
20-  35 
25-  50 
30-  40 
20-  50 
25-  50 
25-  50 
45-  90 
50-  90 
50-  90 
30-  45 
100  + 
80-120  + 
120-180  + 


Certain  precautionary  measures  are  essential  when  selecting  the  proper 
antioxidant  for  the  prepared  mix  trade.  Gum  guaiac,  for  example,  will 
develop  a  purple  color  when  exposed  to  certain  peroxide-decomposing 
enzymes.  Since  flour  contains  peroxidases,  the  use  of  gum  guaiac  would 
cause  possible  color  trouble  if  used  in  prepared  mixes.  Propyl  gallate  also 
develops  color  reactions  under  certain  conditions.  It  turns  black  if  ex¬ 
posed  simultaneously  to  iron  rust  and  moisture.  Both  NDGA  and  propyl 
gallate  produce  green  discolorations  when  mixed  with  egg  yolk.  As  yet, 
no  color  reaction  difficulties  have  been  noted  when  using  BIIA,  BUT  and 
citric  acid.  The  problem  of  color  control  is  important.  Mix  manufac¬ 
turers  who  add  their  own  antioxidants  to  liquid  fats  should  be  especially 
cautious  not  only  in  the  selection  of  the  antioxidant  but  also  in  removing 
sources  of  metallic  contamination.  The  use  of  acidic  synergists  (citric 
acid  and  phosphoric  acid)  will  aid  in  inhibiting  color  development 
Prepared  mixes  often  contain  natural  antioxidants.  Unbleached  flours 
used  in  pie  crust  mix  greatly  extend  the  shelf-life  of  the  shortening  used  in 
the  mix.  Ginger  and  other  spices  used  in  spice  cake  mixes  are  powerful 
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antioxidants  and  appreciably  increase  rancidity  resistance.  Sugar,  acid 
phosphates,  lecithin  and  several  other  ingredients  used  in  mixes  possess 
antioxidant  properties. 

Certain  baking  mixes  enable  the  measurements  of  “shortening  value,” 
in  terms  of  either  crispness  or  tenderness  of  the  final  baked  item.  Crisp 
products,  such  as  pie  crust,  crackers  and  cookies  are  representative  prod¬ 
ucts  within  this  category.  Shortening  values  of  fats  in  crackers  and  pie 
crust  have  been  studied  by  many  investigators  with  general  agreement  on 
the  relative  effectiveness  of  the  fat.  Subjective  evaluations  will  commonly 
give  ratings  of  about  80  for  hydrogenated  lard,  77  for  hydrogenated  veg¬ 
etable  shortening,  80  for  beef  fat,  and  65  for  liquid  vegetable  oil  when 
pie  crusts  made  with  lard  and  given  an  arbitrary  rating  of  100.  This 
would  seem  to  indicate  the  superiority  of  lard  as  a  contributor  of  tender¬ 


ness  or  shortness  to  crisp  products.  The  same  tendency  is  apparent  in 
baking  powder  biscuits,  but  to  a  lesser  degree. 

Creaming  or  emulsification  properties  of  fats  determine  to  a  major  de¬ 
gree  their  usefulness  in  cake  mixes.  Included  in  these  properties  is  the 
ability  of  the  fat  to  disperse  air  throughout  an  aqueous  batter  in  a  finely 
divided  and  stable  state.  The  emulsion  resulting  when  fats  are  mixed 
in  aqueous  batters  will  determine  the  final  character  of  the  baked 

product.  , 

Lard  has  always  suffered  when  its  creaming  properties  are  compared 

with  those  of  shortenings  produced  from  other  fats.  The  crystalline 
structure  of  the  lard  responsible  for  its  superiority  as  a  shortening  for  pie 
crust  and  biscuit  mixes,  is  not  conducive  to  suitable  creaming  and  emul¬ 
sification  in  aqueous  batters;  for  example,  layer  cake  mixes.  The  problem 
was  not  completely  understood  until  x-ray  techniques  were  developed 
for  elucidating  the  crystalline  structure  of  the  plastic  fat 

In  1948  a  major  “break-through”  was  made  in  the  understanding  and 
evaluation  of  the  effect  of  fat  crystals  on  creaming  quality.  This  was 
brought  about  by  resorting  to  chemical  rearrangement  techniques  winch 
altered  the  structure  of  fats-particularly  of  lard-to  enhance  emulsification 
and  creaming  properties.  These  techniques  were  developed  around  tin 
us  of  either  sodium  methoxide  or  stannous  catalytic  agents  for  purpose 

SS  ;>  - . .  “  Z* 
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molecules  have  great  influence  on  the  type  o  c  y  al  P d g 
solidification  of  shortenings.  It  is  also  well  known  that  th t  type  y 
influences  creaming  and  emulsification  proper  ,es  to  a -napr  leg  . 
ability  to  control  the  crystalline  property  of  fats  produced  irom  va  y  g 
raw  materials  is  perhaps  the  most  important  development  in  sho.te  g 

technology  during  the  past  25  years. 

Fats  do  not  "emulsify”  in  stiff  doughs,  for  example,  bread  1  e  c  ’ 
cracker  and  biscuit  doughs.  Photomicrographs  of  doughs  of  this  type 
will  show  a  rather  coarse  dispersion  of  fat  alongside  the  gluten  strands  of 
the  flour.  In  such  products,  emulsification  is  of  little  importance.  n 
aqueous  doughs  and  batters,  however,  fats  must  disperse  themselves  in 
the  form  of  an  extremely  fine  emulsion  ( usually  fat  in  water  emu  sion )  1 
the  baked  product  is  to  be  of  maximum  tenderness,  flulfiness  and  sym¬ 
metry.  Failure  to  achieve  a  uniformly  fine  emulsion  when  attempting  to 
distribute  the  fats  in  aqueous  batters,  will  produce  defective  finished  baked 
products  of  coarse  grain,  poor  volume,  poor  symmetry  and  altogether 
improper  palatability. 

The  emulsification  phenomenon  is  made  even  more  complex  by  the 
necessity  of  emulsification  of  gases.  The  air  creamed  into  an  aqueous 
batter  is  usually  held  in  a  suspended  state  by  the  fats  used  in  the  mix. 
These  air  spaces  serve  as  collection  points  for  gases  later  generated  within 
the  baking  cake  mix  from  the  chemical  leavening  agent.  Such  aggrega¬ 
tions  of  air  cells  are  held  in  suspension  by  the  fat  used  in  the  mix  with 
the  fat  influencing  greatly  the  interfacial  tension  between  the  surface  of 


the  air  bubble  and  the  liquid  fraction  of  the  batter.  Not  enough  informa¬ 
tion  is  at  hand  concerning  the  relation  between  interfacial  tension  of  fats 
and  liquid  and  of  the  relation  between  the  interfacial  tension  of  the  air 
cell-liquid  interfaces.  Measurements  of  this  type  will  serve  as  a  funda¬ 
mental  area  of  research  to  establish  the  most  desirable  conditions.  Pres¬ 
ent  methods  lean  heavily  upon  baking  tests  as  a  sole  means  of  evaluation. 

Nearly  all  fats  (with  the  exception  of  non-rearranged  lard)  have  some 
ability  to  emulsify  in  an  aqueous  batter.  They  also  have  some  ability  to 
suspend  air  or  gas  within  the  body  of  the  fat  globule  during  the  emulsifi¬ 
cation  procedure.  None  of  the  fats  however,  is  sufficient  in  itself  to  pro¬ 
duce  the  effect  desired  by  the  modern  cake  mix  manufacturer.  The  in¬ 
dustry  now  leans  heavily  upon  several  additives  which  are  known  com¬ 
monly  as  “emulsifying  agents.”  These  emulsifying  materials  include  the 
following  compounds: 


Mono  and  diglycerides 
Lactylated  mono  and  diglycerides 
Lecithin 

Hydroxylated  lecithin 


Polvoxysorbitan  monostearate 
Polyoxyethylene  stearate 
Sorbitan  monostearate 
Sorbitan  monooleate 
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Mono-  and  diglycerides  are  the  most  widely  used  additives  for  prepared 
mixes  of  all  types.  There  are  many  different  variations  of  mono-  and 
diglycerides  each  of  which  possesses  specific  properties  of  emulsification 
and  air  retention.  Mono-  and  diglycerides  vary  in  hardness  dependent 
upon  the  hardness  of  the  shortening  or  fatty  base  stock  used  in  their 
manufacture.  They  also  vary  in  the  selection  of  fatty  acid  chain  length, 
ranging  in  type  from  fatty  acids  of  twelve  carbon  chain  length  to  fatty 
acids  of  a  chain  length  of  22.  It  has  been  proven  conclusively  that  the 
functional  properties  contributed  by  mono  and  diglycerides  to  cake  mixes 
differ  widely  and  that  consideration  must  be  given  to  these  factors  if 
suitable  products  are  to  be  obtained  with  particular  respect  to  long-term 
storage. 

Lactylated  mono-  and  diglycerides  are  manufactured  by  combining 
with  the  normal  mono-  and  diglyceride  one  or  more  molecules  of  lactic 
acid.  This  complex  ester  is  formed  usually  by  direct  esterification  of 
lactic  acid,  fatty  acids  and  glycerol. 

Again,  the  functional  properties  of  the  final  product  will  be  greatly  in¬ 
fluenced  by  the  chain  length  of  the  fatty  acid,  the  melting  point  of  the 
respective  fatty  acids  and  the  relation  between  quantities  of  fatty  acid  vs. 
lactic  acid  used  in  the  formation  of  the  complex.  Glyceride  esters  of 
this  type  usually  produce  fast  whipping  very  light  cake  batters.  Such 
esters,  however,  are  subject  to  hydrolytic  decomposition  and  for  this 
reason,  cannot  be  recommended  for  mixes  requiring  extraordinarily  long 
or  severe  storage  properties. 

The  polyoxyethylene  sorbitan  esters  cover  a  wide  range  of  materials 
dependent  first  upon  the  molecular  weight  of  the  polyoxyethylene  moiety 
and  the  molecular  weight  or  chain  length  of  the  fatty  acid  contained  in 
the  molecule.  These  compounds  will  produce  widely  varying  emulsifi¬ 
cation  and  whipping  properties  dependent  upon  both  their  concentration 

and  composition. 

Sorbitan-fatty  acid  esters  also  are  produced  in  varying  molecular 
weights  and  in  varying  sorbitan-fatty  acid  ratios.  These  materials  also 
serve  to  enhance  emulsification  properties  of  fats  and  also  the  air  sus¬ 
pending  properties,  when  used  in  aqueous  batters.  The  position  of  these 
esters  with  reference  to  the  food  regulatory  officials  is  not  entirely  clear, 
and  for  that  reason  their  use  has  been  restricted  by  members  of  the  pre¬ 


oared  mix  industry.  ,  .  ,  f 

Sorbitan-fatty  acid  esters  have  limited  use  in  shortenings  designed  for 

use  in  1, utters  and  doughs.  One  important  characteristic  ot  these  com¬ 
pounds  is  that  they  have  a  somewhat  detrimental  effect  upon  theabih  > 
of  shortening  to  suspend  air.  and  have  a  definite  effect  upon  the  tendencies 
of  a  product  to  stick  to  its  baking  pan.  Lecithin  also  is  used  comb.na- 
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ti0„  with  some  of  the  other  emulsifying  agents  to  produce  more  body  in 

cakes  of  undue  fragility.  .  .  ,  ,  ,  . 

Manufacturers  of  cake  mixes  have  learned  that  original  baking  prop 
erties  are  somewhat  transistory  and  that  the  quality  of  the  finished  cake 
mix  slowly  deteriorates  upon  prolonged  storage.  Tins  is  especially  true 
when  storage  temperatures  and  humidities  are  high.  Numerous  factors 
are  thought  to  contribute  to  this  deterioration;  for  example,  moisture  con¬ 
tent  of  the  flour,  lipase  action  of  the  flour,  type  of  baking  powder,  type 
of  shortening,  and  type  of  egg  product  ( if  any )  used  in  the  mix.  Attempts 
to  dry  flour  to  a  moisture  content  of  4  to  8  per  cent  have  been  made  in  an 
effort  to  prolong  the  shelf  life  of  the  mix.  Various  methods  have  been 
suggested  to  measure  and  reduce  the  lipase  action  of  flour. 

Recent  work  indicates  that  shortening  is  the  dominant  factor  in  cake  mix 
stability  assuming,  of  course,  moisture  content  is  reasonably  low  ( 4  to  8 
per  cent )  and  that  the  baking  powder  is  of  a  suitable  type.  A  good  cake 


mix  shortening  should  possess  the  following  properties: 

1.  Quick  and  easy  aeration  when  subjected  to  a  minimum  of  mixing. 
Batter  specific  gravity  offers  a  convenient  method  for  measurement  of 
this  property. 

2.  Dry,  non-greasy  body  to  prevent  undue  grease  soakage  and  clump¬ 
ing  of  the  cake  mixture.  The  tolerance  of  the  shortening  to  over-mixing 
when  blending  the  cake  mix  ingredients  should  be  as  wide  as  possible. 

3.  The  shortening  should  be  bland  in  flavor  and  should  remain  bland 
after  prolonged  storage. 

4.  The  final  mix  should  withstand  prolonged  storage  at  temperatures 
as  high  as  100  F.  without  serious  impairment  of  cake  volume,  cake  tex¬ 
ture,  or  any  other  measurable  baking  characteristic. 

5.  The  cake  mix  should  perform  well  when  mixed  by  hand  and  should 
not  require  mechanical  mixing. 

Pie  crust  mixes  are  manufactured  from  a  wide  variety  of  shortenings 
including  all-hydrogenated,  prime  steam  lard  (both  normal  flavor  and 
deodorized )  and  partially  hardened  ( fractionally  hydrogenated )  shorten¬ 
ings.  The  type  of  shortening  is  determined  to  a  great  extent  by  mixing 
methods  used  by  the  mix  manufacturer  and  by  the  total  fat  content  of 
the  mix. 

It  is  quite  possible  to  use  either  melted  or  semi-solid  fats  in  pie  crust 
mixes  providing  the  mixing  equipment  is  suitable  and  mixing  time  and 
temperatures  are  closely  controlled.  Tendencies  toward  fat  soakage  of 
flour  and  pasting  make  such  assembly  methods  extremely  hazardous 

If  flour  soakage  becomes  too  great  suitable  pie  crusts  cannot  be  made 
from  the  finished  mix. 


Plastic  shortenings  including  plasticized  lards  are  used  for  pie  crust 
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mixes.  Attempts  are  sometimes  made  to  “shatter  or  disperse  these  fats 
throughout  the  mix  in  the  form  of  fine  granules.  Various  mechanical  con¬ 
trivances  have  been  developed  to  secure  this  effect.  Such  devices  re¬ 
quire  close  adaptation  of  the  physical  characteristics  of  the  shortening  to 
meet  equipment  and  temperature  requirements.  Small  deviations  in 
shortening  texture  may  lead  to  important  quality  differences  in  crusts 
assembled  by  such  methods. 

The  flavor  of  the  shortening  is  of  paramount  importance  to  the  manu¬ 
facturer  of  pie  crust  mixes.  Many  manufacturers  prefer  completely  de¬ 
odorized,  tasteless  fats  and  oppose  the  use  of  high  percentages  of  soybean 
oil  because  of  the  possibilities  of  flavor  reversion.  Conversely,  many 
other  manufacturers  prefer  pie  crust  flavors  produced  by  steam  rendered 
lard  and  attempt  to  control  the  flavor  by  this  method.  Still  other  manu¬ 
facturers  prefer  the  texture  of  lard  but  require  complete  deodorization. 

Hot  roll  mixes,  sweet  yeast  dough  and  yeast  raised  doughnut  mixes 
have  become  increasingly  popular.  Shortenings  of  high  mono-  and  di¬ 
glyceride  content  seem  to  be  preferred  for  such  use  because  of  the  in¬ 
creased  tenderness  imparted  to  the  finished  product.  Irregularities  in 
the  fermentation  and  dough  absorption  may  also  be  controlled  more  closely 
through  the  use  of  mono-and  diglyceride  shortenings.  Oils  and  extremely 
low-melting  point  fats  should  be  avoided  for  use  in  yeast-leavened  mixes 
because  of  their  adverse  effect  on  the  gas  retention  properties  of  fer¬ 
menting  dough  and  subsequent  reduction  of  volume  in  the  finished 


product. 

All  yeast-leavened  products  are  influenced  in  quality  primarily  by  the 
grade  of  flour  used  in  the  formulation  of  the  mixes.  Sweet  yeast  dough 
mixes  and  bread  mixes  are  influenced  greatly  by  this  important  factor. 
The  shortening  used  in  the  formulation,  however,  can  also  be  an  important 
factor  in  the  regulation  of  the  final  baked  product.  For  example,  bread 
and  sweet  dough  mixes  formulated  around  a  shortening  of  high  mono- 
and  diglyceride  content  will  require  less  fermentation  and  less  manipula¬ 
tion  than  will  mixes  formulated  from  purely  triglyceride  fats.  The 
amount  of  monoglyceride  suitable  for  use  in  such  mixes,  is  in  the  area  of 
8  to  10  per  cent  of  the  weight  of  the  shortening  used  in  the  formulation. 
Higher  levels  of  monoglyceride  may  also  be  used.  However,  problems  of 
excessive  tenderness  and  excessive  softness  of  the  final  baked  product, 
will  be  encountered  if  the  monoglyceride  level  is  continuously  increased. 

The  mechanism  of  the  monoglyceride  reaction  in  yeast-leavened  proc  - 
nets  is  entirely  different  from  the  emulsification  phenomenon  previously 
described  for  cake  mixes.  Very  strong  evidence  exists  which  indicates 
that  monoglycerides  form  either  a  chemical  combination  or  a  type  o 
chemical  complex  with  the  amylose  fraction  of  wheat  Hour  during  baking 


MANUFACTURE  OF  PREPARED  MIXES 


353 


providing  the  sugar  concentration  of  the  dough  is  not  too  high  to  bloc  ^ 
the  reaction.  Such  a  combination  with  amylose  greatly  influences  t  le 
tenderness  and  softness  of  the  final  baked  product.  It  also  influences  m 
a  most  beneficial  manner,  the  keeping  quality  of  the  final  baked  product. 
For  these  reasons,  shortenings  of  high  monoglyceride  content  are  pre¬ 
ferred  for  yeast-leavened  mixes. 

There  are  numerous  types  of  doughnut  mixes  ranging  from  mechani¬ 
cally  made  cake  doughnuts  of  varying  richness  to  hand  made  crullers, 
yeast  raised  doughnuts,  and  even  French  doughnuts. 

Each  doughnut  manufacturer  has  preferences  concerning  the  type  of 
shortening  used.  Shortening  has  a  profound  effect  upon  the  tenderness, 
symmetry  and  fat  absorption  properties  of  all  doughnuts.  Manufacturers 
of  low-cost  (lean)  cake  doughnuts  for  high  speed  automatic  production, 
invariably  make  use  of  liquid  oils,  such  as  either  soybean  oil  or  cotton¬ 
seed  oil  as  the  shortening  agent  for  the  doughnut  flour.  Such  oils  are 
productive  of  a  tough  internal  structure  but  also  are  helpful  in  the  pro¬ 
duction  of  suitable  symmetry  in  the  final  doughnut.  Because  of  the  tough 
structure,  the  mechanically  formed  doughnut  will  absorb  but  small 
quantities  of  fats  during  frying. 

Plastic  shortenings,  on  the  other  hand,  will  produce  higher  shortening 
effects  in  the  doughnut  mix  which  manifests  itself  in  added  tenderness 
and  added  fat  absorption.  The  manufacturer  producing  the  “cake-type” 
doughnut  who  is  not  worried  by  the  desire  to  secure  minimum  costs,  will 
automatically  use  the  plastic  type  shortening  in  preference  to  oil. 

Doughnut  manufacturers  also  use  shortenings  of  high  monoglyceride 
content  to  produce  additional  tenderness  when  desired.  It  must  be  em¬ 
phasized,  however,  that  tenderness  and  fat  absorption  go  hand  in  hand 
and  that  the  more  tender  the  final  doughnut,  the  higher  will  be  its  fat 
absorption,  k  or  this  reason  alone,  there  is  a  wide  divergence  of  opinion 
concerning  the  ideal  shortening  for  doughnut  mixes.  Inasmuch  as  the  fat 
content  of  doughnut  mixes  is  low,  it  is  of  utmost  important  that  the  fat 
be  selected  in  accordance  with  the  exact  characteristic  which  is  desired 
in  the  finished  product. 

There  are  numerous  miscellaneous  mixes  making  use  of  shortening, 
such  as  specialty  pancake  and  waffle  mixes,  corn  meal  mixes  of  varying 
types,  muffin  mixes  and  the  like.  In  the  production  of  rich  pancake  and 
waffle  mixes,  shortening  is  used  at  a  relatively  high  level.  This  not  only 
improves  tenderness  of  the  final  product,  but  also  improves  release  of  the 
item  from  the  waffle  iron  or  from  the  griddle.  Fats  usually  used  for  the 
purpose  are  of  the  same  type  suggested  for  either  pie  crust  or  biscuit 
mixes.  There  is  no  need  for  creaming  properties  or  for  high  mono- 
g  vceride  content  in  fats  used  for  this  purpose.  Indeed,  if  such  fats  are 
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used,  the  resulting  product  will  prove  excessively  tender  and  cause  much 
difficulty  through  sticking  to  the  waffle  iron  or  griddle. 

Corn  meal  mixes  place  a  very  high  premium  on  stability  of  the  fat. 
Much  com  meal  is  high  in  lipase  activity  and  is  also  inclined  to  become 
musty  or  slightly  rancid  in  itself.  The  shortening  will  have  great  in¬ 
fluence  on  the  stability  of  corn  bread  mix  and  for  that  reason,  high  sta¬ 
bility  shortening  should  be  used.  It  is  a  proven  fact  that  corn  bread  mix 
will  have  much  greater  keeping  quality  when  made  with  fairly  high  levels 
of  hydrogenated  shortening  as  the  shortening  agent. 

Muffin  mixes  cover  a  wide  area.  Some  of  the  mixes  are  similar  in 
character  to  baking  powder  biscuit  mixes  and  for  that  reason,  impose  the 
same  shortening  requirements  as  previously  covered.  Other  muffin  mixes 
are  similar  in  character  to  the  cake  mixes  and  for  that  reason,  would 
benefit  through  the  use  of  shortenings  previously  described  for  this 
purpose. 

It  is  obvious  that  the  type  for  shortening  used  in  prepared  mixes  is  of 
crucial  importance  to  final  results.  The  technologists  engaged  in  formula¬ 
tion  of  the  mixes  must  have  comprehensive  knowledge  of  the  subject  and 
of  its  various  aspects;  namely  resistance  of  the  fat  to  rancidity,  crystal¬ 
line  stability  of  the  shortening,  emulsification  properties  of  the  shortening, 
lubricating  or  shortening  values  of  the  fat,  resistance  of  the  fat  to  hydiol- 
ysis,  suitable  measurements  for  plasticity  and  above  all,  an  understand¬ 
ing  of  the  different  requirements  necessitated  by  the  multiplicity  of  dif¬ 
fering  characteristics  desired  in  the  final  baked  pi  oduct. 


Egg  Products 

Egg  Yolk  and  Whole  Egg.1 -Egg  yolks  and  whole  eggs,  although  used 
in  relatively  small  amounts  in  most  baked  products  and  prepared  mixes 
play  a  vital  role  in  determining  the  final  quality  and  cost  of  the  finis  le 
product.  Eggs  are  extremely  important  to  bakery  production  and  mix 
manufacturers  because  of  their  functional  performance  and  also  because 
their  relative  high  price  has  a  significant  effect  on  the  final  cost  of 
baked  product.  Fresh  or  frozen  eggs  have  been  used  by  generations ^o 
bakers  and  housewives,  often  with  little  concern  or  regard  for  the  reason 
they  are  included  or  the  part  they  are  expected  to  play  m  the  quality  o 
the  product.  As  our  modern  economy  has  necessitated  a  critical  look  a 

~~ ^ThiTsection  was  prepared  will,  the  assistance  of  Dr.  R.  H.  Forsythe. 
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the  best  performance  at  tire  lowest  ingredient  and  production  costs.  For 
the  best  selection,  one  must  be  aware  of  the  basic  functions  expected  o 
eggs  in  the  many  different  baked  products  produced.  According  to 
Pyler  (1952)  there  are  six  functions  performed  by  eggs  in  cakes  ant 
similar  products.  These  are  as  follows:  (1)  binding  action;  (2)  leaven¬ 
ing  action;  (3)  emulsifying  action;  (4)  flavor;  (5)  color;  and  (6)  nutri¬ 
tive  value. 

Whole  eggs  and  yolks  with  their  high  protein  content  are  capable  of 
absorbing  and  binding  large  quantities  of  water.  Upon  binding  of  the 
water  the  proteins  become  capable  of  being  stretched  and  extended  into 
a  structure  within  the  batter,  which  when  subjected  to  heat  set  up  into  a 
rigid  framework  holding  large  quantities  of  sugar,  fat  and  flour.  Egg 
proteins,  like  other  proteins,  denature  when  heated,  and  this  characteris¬ 
tic,  coupled  with  the  ability  to  bind  water,  constitutes  two  of  the  major 
functional  roles  expected  by  the  mix  manufacturer.  Many  variables  en¬ 
countered  in  processing  affect  this  binding  and  stabilizing  action  among 
which  should  be  included  (1)  the  amount  of  heat  treatment  of  the 
liquid  or  dry  state,  (2)  length  of  storage,  and  (3)  the  ingredients  added 
prior  to  drying  such  as  sugars,  salt,  starches,  and  chemical  additives. 

The  ability  of  egg  products  to  incorporate  and  hold  gases  is  an  impor¬ 
tant  function  in  many  or  all  cakes,  in  the  sponge  type  eake  where  the 
egg  may  furnish  all  or  most  of  the  leavening  action  some  types  of  egg' 
solids  are  not  satisfactory.  However,  as  will  be  pointed  out  later,  egg 
products  dried  after  the  addition  of  carbohydrates,  retain  to  a  major  extent 
the  leavening  ability  of  the  original  fresh  egg  yolk  or  whole  egg.  In 
these  sponge-type  cakes  the  egg  serves  not  only  to  incorporate  air  but 


improves  the  cell  structure  and  holds  the  volume  of  the  product  after 
baking,  which  chemical  leavening  agents  alone  will  not  do.  In  batter- 
type  cakes  where  the  leavening  action  is  primarily  from  chemicals,  the 
e§§  proteins  help  to  retain  the  gases  developed  and  hold  the  desirable 
small  cell  structure  by  preventing  the  coalescence  into  large  air  pockets. 

Whole  egg  and  egg  yolk  are  in  themselves  an  excellent  emulsion,  and 
through  the  action  of  the  lecithin  they  contain  act  as  good  emulsifying 
agents  in  baked  products.  Thus  egg  assists  in  the  incorporation  of  fats 
into  batter  cakes  and  contributes  to  the  tenderness  and  moistness  of  the 
finished  product.  Some  of  the  emulsifying  action  may  be  lost  if  the  eggs 
are  dried  under  too  drastic  conditions  but  recent  developments  indicate 
that  most  of  the  emulsifying  power  can  be  retained 

The  flavor  of  eggs  contributes  to  the  organoleptic  properties  of  cakes 
result, ng  ,n  distinctive  flavors  when  used  in  relative  large  proportions’ 
The  retention  of  the  desirable  flavor  of  fresh  eggs  during  The  drying  and 
stoiage  ol  egg  yolk  and  whole  egg  has  been  one  of  the  major  drawbacks  in 
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many  baking  mix  applications.  Improvements  in  technology  of  eggs  have 
resulted  in  products  capable  of  inclusion  in  all  baking  mixes  except  where 
very  high  levels  of  eggs  are  employed.  The  deterioration  of  the  flavor 
of  egg  solids  is  primarily  the  result  of  changes  in  the  lipid  fractions  which, 
because  they  are  so  highly  emulsified,  offer  large  surfaces  for  oxidation 
and  enzymatic  action.  Probably  for  this  reason,  the  use  of  antioxidants 
has  not  been  very  successful  in  retarding  the  deterioration  of  flavor  in 
dried  egg  products. 

The  pigment  of  egg  yolk  and  whole  egg  is  a  complex  mixture  of  caro¬ 
tene,  xanthophylls,  and  other  carotenoids  which  is  governed  almost  en¬ 
tirely  by  the  feed  consumed  by  the  chicken.  In  certain  applications,  egg 
noodles  for  example,  this  is  an  extremely  important  function  but  in  most 
prepared  mixes  artificial  color  has  been  employed  because  of  its  rela¬ 
tively  low  cost.  It  has  been  difficult  however  to  duplicate  the  clean,  rich 
yellow  color  of  the  egg  carotenoids  in  yellow  and  sponge  cakes. 

The  nutritive  or  “food"  value  of  the  egg  has  been  largely  overlooked 
by  manufacturers  of  prepared  mixes.  In  some  products  the  level  of  egg 
is  quite  low  and  the  nutritive  values  contributed  are  of  little  value.  It 
should  be  pointed  out,  however,  that  the  inclusion  of  any  quantity  of  egg 
improves  the  nutritive  value  of  the  food.  Eggs  are  an  excellent  source  of 
the  most  biologically  efficient  proteins.  Egg  fats  contain  large  quantities 
of  the  unsaturated  fatty  acids  now  recognized  as  essential  in  human  nutri¬ 
tion.  Eggs  contain  significant  amounts  of  all  of  the  known  vitamins  wit 
the  exception  of  vitamin  C,  as  well  as  most  of  the  essential  minerals. 

In  addition  to  the  functional  characteristics  mentioned  above,  the  user 
of  egg  products  should  be  concerned  about  the  bacteriological  proper¬ 
ties.  While  most  prepared  mixes  are  cooked  before  consumption  there 
are  several  notable  exceptions  on  the  market  today.  Icings  and  meringue 
.nixes  do  not  use  egg  yolk  or  whole  egg  but  in  these  instances  he  bac_ 
teriological  properties  are  of  the  utmost  importance.  As  refrigerated 
doughs  increase  in  popularity  this  problem  will  need  to  receive  fur he 
attention.  It  should  he  noted  that  even  in  those  cases  where  suffic 
heat  is  employed  to  destroy  most  pathogenic  bacteria,  large  numbers  w 
st  1  nstikte  a  menace  and  should  be  controlled  carefully  by  the ~ 
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1.  Standard  Whole  Egg  Solids.-This  product  is  used  in  cookies,  layer 
cakes,  pound  cakes  and  other  mixes  where  the  functional  role  of  the  egg 
does  not  include  leavening  or  foam  formation  although  when  properly 
formulated  such  applications  may  be  possible.  1  his  product  is  not  gen¬ 
erally  suited  for  grocery  products  prepared  mixes  as  it  has  insufficient 
shelf  life.  Widespread  use  is  found  in  institutional  prepared  mixes. 
Three  pounds  of  water  and  one  pound  of  whole  egg  solids  are  used  to 
obtain  the  liquid  equivalent  of  fresh  whole  egg. 

2.  Stabilized  Whole  Egg  Solids.-This  product  is  identical  to  the  above 
mentioned  except  that  the  shelf  life  has  been  extended  by  the  removal  of 
the  residual  glucose  naturally  occurring  in  the  egg.  This  process  permits 
its  use  in  grocery  product  mixes  and  makes  cold  storage  unnecessary  for 
limited  periods.  (The  usual  commercial  practice  is  for  the  egg  manufac¬ 
turer  to  hold  this  type  of  product  under  cold  storage  until  delivered  to 
the  customer.)  Many  institutional  mixes  use  this  product  to  give  added 
shelf  life  and  eliminate  old  inventory  problems. 

3.  Fortified  Whole  Egg  Solids.— A  variety  of  products  are  manufactured 
under  this  category  consisting  of  mixtures  of  whole  egg  and  yolk  in  various 
proportions.  This  common  proportion  is  about  two-thirds  of  liquid  whole 
egg  and  one-third  liquid  yolk,  which  when  dried  results  in  a  product  hav¬ 
ing  slightly  over  half  egg  yolk  solids  and  slightly  less  than  half  whole  egg 
solids.  It  finds  applications  in  formulations  requiring  both  whole  egg  and 
yolk,  or  egg  whites  and  yolk.  Economic  considerations  often  determine 
the  extent  to  which  this  product  is  utilized.  At  the  present  time  it  has 
found  widest  use  in  the  baking  industry  in  layer  type  cakes,  cookies,  and 
sweet  goods.  It  presently  has  found  limited  use  in  prepared  mixes.  The 
shelf  life  of  the  product  can  be  extended  by  removal  of  glucose  as  in 
stabilized  whole  egg.  Depending  on  the  formulation  2  lbs.  of  water  and 

1  lb.  of  this  product  gives  the  approximate  composition  of  the  liquid 
mixture. 

4.  Whole  Egg  Solids-Special  Blends.-A  number  of  specialized  types 
of  whole  egg  solids  are  manufactured  which  consists  of  either  straight 
or  fortified  whole  egg  and  some  type  of  carbohydrate.  The  most  usual 
of  these  products  is  one  containing  whole  egg  solids  and  sucrose  (20  to 

per  cent  solids  basis).  The  primary  purpose  of  the  inclusion  of  the 
sucrose  or  other  carbohydrates  is  to  retain  the  leavening  or  foaming 

^  !vy7„d  VSg  SS  ,TI’CSe  Pr°duCtS  ,,S"a,1y  S°  into  'solution  more 
e«K  Thev  fi„T  ‘  h.!g  .  °f  fi’e  emulsifying  ability  of  the  fresh 
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eactions  between  sucrose  and  the  lipid  fractions  of  the  egg  result 'in  tire 
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development  of  off-flavor  and  odors  at  room  temperature.  Recently 
carbohydrates  derived  from  corn  products  have  gained  favor  by  increas¬ 
ing  the  shelf  life.  It  is  expected  that  these  products  will  be  sufficiently 
improved  in  the  future  to  warrant  their  inclusion  in  both  institutional  and 
grocery  product  prepared  mixes. 

5.  Standard  Egg  Yolk  Solids.— This  product  is  used  in  layer  cakes, 
doughnut,  sweet  doughs,  and  cookies  and  in  most  other  applications 
where  liquid  yolk  would  be  used  in  baked  goods.  Egg  yolk  solids  do 
not  retain  all  of  the  leavening,  foaming  or  emulsifying  ability  of  fresh  or 
frozen  egg  yolk  and  so  are  not  recommended  for  use  in  sponge  type  mixes 
unless  special  formulations  are  employed.  Egg  yolk  solids  are  used 
where  a  rich  natural  egg  color  is  desired.  The  most  widespread  use  of 
egg  yolk  solids  at  the  present  time  is  in  institutional  doughnut  mixes.  One 
pound  of  egg  yolk  and  1.25  pounds  of  water  is  equivalent  to  liquid  yolk. 
It  is  generally  recommended  that  this  product  be  held  under  refrigeration. 

6.  Stabilized  Egg  Yolk  Solids.-Additional  shelf  life  can  be  obtained  by 
the  removal  of  glucose  as  is  the  case  with  whole  eggs.  The  product  can 
be  used  for  the  same  applications  and  is  generally  used  in  all  grocery 
product  prepared  mixes  and  in  some  institutional  mixes  containing  larger 
quantities  of  egg  yolk.  It  is  expected  that  the  use  of  this  product  will 
increase  compared  to  the  standard  product.  Cold  storage  is  recom¬ 
mended  for  this  product  only  in  the  warm  summer  months. 

7  Special  Egg  Solids  Products.-A  number  of  commercial  products  are 
available  which  have  been  developed  through  the  cooperation  of  pre¬ 
pared  mix  manufacturers  and  egg  solids  manufacturers  to  meet  special 
needs  and  requirements.  These  include  a  variety  of  approved  food  addi¬ 
tives  with  blends  of  egg  yolk  and  whole  egg.  This  experience  has  demon¬ 
strated  the  adaptability  of  egg  products  in  many  special  mix  formulations. 

Eire  Albumen.1— One  of  the  most  important  constituents  in  angel  food 
cake  and“  foam  type  mixes  is  the  albumen.  The  greatest  single 
reason  for  lumen  (liquid  or  dried)  failing  to  perform  in  angel  food 

CainSsfmSk a^Tcakrimulas  ( without  chemical  leavening^ingredi- 

L  cimplex.  more  tolerant  formulas,  only  slightly  higher  amounts  can  be 

tolerated.  albumen.  One  is  through  poor 

There  are  two  ways  ^^.contaminated  equipment,  or  using 
processing  operations  u  g  5  albumen.  The  other  way 
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separated.  In  this  case,  the  yolk  has  diffused  through  the  yolk  membrane 
into  the  albumen. 

To  keep  yolk  out  of  albumen  during  processing,  all  equipment  must 
be  free  of  yolk-and  kept  free.  Breaking  assemblies  and  equipment  which 
become  contaminated  should  be  washed  or  wiped  clean  immediately. 
Cups  of  albumen  into  which  yolk  has  fallen  should  be  used  for  whole  egg 
solids  and  not  included  in  angel  cake  albumen.  The  quality  of  the  shell 
eggs  used  is  of  importance.  High  quality,  fresh  shell  eggs  have  very  little 
diffused  yolk  in  the  albumens,  and  they  have  strong  yolk  membranes. 
So  there  is  less  chance  of  yolk  breakage  and  of  yolk  falling  into  albumen. 
An  albumen  can  easily  be  produced  in  regular  commercial  operations 
which  has  less  than  0.2  per  cent  yolk  in  it. 

In  general,  research  has  shown  that  the  “diffused  yolk  lipids”  do  not 
have  the  same  ratio  of  fat  constituents  as  whole  yolk.  Instead  of  contain¬ 
ing  the  amounts  of  glyceride,  cephalin,  lecithin,  and  cholesterol  found 
in  whole  yolk,  the  diffused  yolk  lipids  appear  to  be  almost  entirely  gly¬ 
cerides. 

The  singularity  of  the  fat  substance  of  diffused  yolk  lipids  entirely  al¬ 
ters  the  value  of  a  result  obtained  by  the  film  test  method  and  the  way 
it  can  be  interpreted.  If  you  don't  know  whether  the  substance  measured 
is  whole  yolk  or  only  glycerides,  a  contamination  of  0.03  per  cent  to  0.04 
per  cent  as  determined  by  the  film  test  method,  is  the  maximum  allow¬ 
able  for  albumen  for  angel  cakes.  That  0.03  per  cent  to  0.04  per  cent 
might  represent  only  glycerides,  and  they  would  have  the  same  detri¬ 
mental  effects  as  0.09  per  cent  to  0.12  per  cent  whole  yolk. 


Table  70 

effect  of  addition  of  yolk  glycerides  on  albumen  performance 


Glycerides 
Added,  Per  cent 
Equivalent  of  Yolk 


Whip 

Time 


Control 

0.025 

0.050 

0.075 

0.10 

0.125 

0.150 


Cake 

Height 


Yolk  Film 
Test  Results, 
Per  cent 


3lA" 

108  mm. 

0 

.014 

3'A 

110 

0 

019 

4 

4 

572 

103.5 

87 

105 

0 

2 

.025 

.028 

4 

6 

86 

106 

0 

.035 

4 

8 

63 

95 

0 

.057 

4 

0 

No  Foam 

98 

0 

.062 
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yolk;  glycerides,  lecithin,  cephalin  and  cholesterol.  These  fractions 
were  separated  and  it  was  discovered  that  each  of  these  lipids  produces  a 
smaller  monomolecular  film  area,  the  composite  of  which  represents  whole 
yolk  fat. 

In  an  experiment  to  find  out  which  lipids  were  detrimental  to  albumen 
performance,  it  was  found  that  the  glycerides  ( true  fats )  were  much  more 
detrimental  than  the  others.  The  effect  of  adding  known  amounts  of 
these  glycerides  on  cake  volume  is  shown  in  Table  70.  These  data  are 
in  agreement  with  the  performance  of  albumen  contaminated  with  equiv¬ 
alent  amounts  of  whole  yolk. 

If  only  yolk  glycerides  are  present,  equivalent  whole  yolk  contamina¬ 
tion  can  be  calculated  approximately  and  albumen  performance  predicted 
by  multiplying  results  2  to  3  times.  For  example,  if  0.03  per  cent  yolk  is 
obtained  by  the  film  test,  equivalent  whole  yolk  would  be  0.06  to  0.09  per 
cent.  Likewise,  0.05  per  cent  would  be  equivalent  to  0.10  to  0.15  per  cent. 

If  the  shell  egg  has  not  been  subjected  to  high  temperatures  and  rapid 
evaporation,  yolk  film  probably  represents  whole  yolk.  If  so,  film  tests 
results  can  be  as  high  as  0.10  per  cent  and  the  albumen  may  perform 
satisfactorily.  If  history  of  the  shell  egg  or  frozen  egg  white  is  un¬ 
known,  such  as  most  commercial  eggs,  or  if  the  shell  egg  has  gone  through 
an  initial  period  of  rapid  evaporation  and  if  the  film  test  is  below  0.03  pei 
cent  the  albumen  will  probably  perform  satisfactorily  (because  it  is 
the  same  as  .09  per  cent  whole  yolk).  If  the  film  test  of  such  eggs  is  0.05 
per  cent  or  more,  the  albumen  may  not  perform  satisfactorily  The  0.05 
per  cent  may  represent  the  glycerides  (an  equivalent  of  0.15  per  cent 
whole  yolk)  which  cause  the  albumen  to  fail  to  perform;  or  it  may  repre- 
sent  whole  yolk  and  the  albumen  will  perform  satisfactorily. 

It  should  he  stated  here  that  these  data  and  this  hypothesis  are  base 
on  indirect  evidence  that  the  glyceride  fraction  is  the  culprit.  Researc 
is  under  way  to  chemically  identify  this  minute  amount  of  yolk  lip. 

"'in  iiny'tse'  0.03  per  cent  should  result  in  a  satisfac- 

torily  performing  albumen.  necessary  to  make  cakes, 

Whip  boosters,  in  general,  shorten  w  up  time Recess  y  ^ 
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poor  quality  albumen,  it  can  only  improve  good  quality  albumens, 
fact,  addition  of  whip  boosters  to  poor  albumen  may  further  impa 
performance  of  the  albumen. 


In 

the 


Table  71 


EFFECT  OF  SODIUM  DESOXYCHOLATE1  IN  DRIED  EGG  ALBUMEN 


Whip  Time, 
Minutes 


Cake  Height  in  Mm. 

Plain  Albumen 

Albumen  with  NAD 


1V-2 
2V  * 
372 
472 
572 


106 

124 

127 

122 

123 


135 

132 

134 

132 

127 


1  Kraft  Foods  Co.  Additive,  Pitt.  Pend. 


Milk1 

The  benefits  resulting  from  the  use  of  milk  solids  in  mixes  have  been 
recognized  by  technical  and  practical  people.  1  he  introduction  of  com¬ 
mercial  drying  equipment,  along  with  various  skills  in  the  dairy  industry, 
has  resulted  in  the  production  of  products  of  good  quality  which  will 
perform  consistently  from  day  to  day  in  large  scale  operations.  Con¬ 
verting  fluid  milk  into  powder  has  provided  a  source  of  milk  which  can 
be  stored  and  handled  in  an  operation  with  the  same  general  care  as  is 
used  in  the  handling  and  storage  of  flour. 

Nonfat  milk  solids  can  be  of  two  general  types,  namely  roller  process 
and  spray  process  powder.  In  recent  years,  the  popularity  of  the  spray 
product  has  increased  tremendously  at  the  expense  of  the  roller  product, 
for  reasons  of  the  economics  in  the  dairy  industry  and  because  of  the 
greater  uniformity  of  product  generally  achieved  in  a  spray  process  opera¬ 
tion. 

Nonfat  dry  milk,  however,  is  not  adequate  for  mix  operation  unless  it 
is  properly  processed.  Technologists  have  learned  that  only  milk  solids 
manufactured  with  proper  equipment  and  with  proper  heat  treatment 
will  perform  satisfactorily.  Milk  solids  contain  a  relatively  high  percent¬ 
age  of  protein  (approximately  36  per  cent).  The  larger  portion  of  these 
proteins  is  casein.  Another  rather  minor  portion,  the  whey  proteins,  can 
cause  some  rather  drastic  chemical  changes  when  milk  is  added  to  bread 
mixes  if  this  milk  lias  not  been  properly  processed.  The  denaturation  or 
chemical  inactivation  of  whey  proteins  is  a  fundamental  requirement  in 
processing  milk  for  a  bread  mix.  A  test  has  been  developed  ( the  Harland 
Ashworth  whey  protein  nitrogen  test)  for  the  determination  of  the  de- 

This  section  was  prepared  with  the  assistance  of  Mr.  Ray  Mykleby. 


362 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


gree  ot  denaturation  of  these  whey  proteins.  This  test  is,  in  fact,  used 
rather  universally  by  the  large  processors  of  nonfat  dry  milk.  Many 
correlation  studies  have  been  performed  confirming  the  relationship  be¬ 
tween  whey  protein  nitrogen  content  and  baking  behavior  of  nonfat  dry 
milk. 


There  are  approximately  7  mg.  of  whey  protein  per  gm.  of  nonfat  milk 
solids.  High  heat  treatments  or  high  denaturation  which  produces  non¬ 
fat  milk  solids  suitable  for  bread  mixes  will  have  about  l1/2  mg.  of  whey 
proteins  undenatured.  In  other  words,  approximately  78.6  per  cent  of 
the  whey  proteins  have  been  denatured.  Low  heat  treatment  will  have  in 
the  neighborhood  of  6  mg.  of  whey  protein  undenatured,  or  approxi¬ 
mately  21.5  per  cent  of  the  whey  proteins  being  denatured.  In  cake 
mixes  there  is  a  difference  of  opinion  as  to  whether  the  low  or  the  high 
protein  denaturation  is  desirable.  In  doughnut  mixes  the  majority  of 
opinions  seemed  to  favor  a  high  denaturation  of  whey  protein. 

The  specific  water  absorption  characteristics  of  milk  powders  is  another 
factor  of  concern  to  many  people  in  the  baking  and  general  food  process¬ 
ing  industry.  Certain  process  conditions  during  manufacture  will  result 
in  milk  powders  having  varying  degrees  of  water  absorbing  or  water¬ 
holding  capacity.  This  characteristic  is  fundamentally  associated  with 
the  casein  complex  in  the  milk  solids,  and  is  of  concern  where  specific 
water  retention,  specific  viscosities  and  the  economics  of  these  processes 
are  involved.  High  casein  denaturation  will  give  high  water  absorption. 
As  a  general  statement  relatively  complete  denaturation  of  whey  piotein, 
plus  relatively  high  water  absorption  characteristics,  is  desirable  in  pow¬ 
der  to  be  used  for  a  yeast  raised  dough  type  of  mix. 

There  are  a  number  of  specific  tests  which  can  be  used  for  measuring 
water  absorption  characteristics  in  milk  solids.  The  Hoffman-Dalhy 
farinograph  procedure  measures  this  absorption  characteristic  of  milk  in 
combination  with  flour.  The  Brookfield  viscosimeter  can  be  used  for 
measuring  viscosities  of  milk  and  water  suspension.  Other  more  simple 
dough  tests  can  be  made  for  rough  estimations  of  water  absorbing  char- 


'ictcristics. 

There  are  certain  types  of  products  made  from  mixes  that  may  advan¬ 
tageously  use  a  low  heat  type  of  nonfat  dry  milk.  This  type  of  mi  k  is 
processed  under  conditions  of  minimum  heat  treatment  and  results  in 
powders  having  very  limited  denaturation  of  the  whey  proteins,  with  low 
relative  viscosities  and  generally  less  cooked  or  heated  flavors  than 
found  in  the  previously  mentioned  high  heat  types  ot  product.  Such  pow¬ 
ders  may  perform  advantageously  in  certain  fillings,  toppings,  creams,  et  . 

The  bacteriological  characteristics  of  nonfat  dry  milk  -  --'ung  con¬ 
siderably  more  attention  during  recent  years.  It  is  possible  si 
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powders,  for  example,  where  bacterial  populations  luwel^n  red £ed  to 
conditions  of  near  sterility.  These  are  character  sties .  hat  are  of 
cern  to  people  interested  in  the  refrigerated  type  of  biscuits  and  piod.  . 

°f  In ‘recent"' "years  instant  dry  milks  have  found  a  definite  place  on  the 
shopping  list  of  the  American  housewife.  These  instant  nonfat  c  ry 
can  be  produced  by  a  variety  of  processes  which  change  their  physuca 
characteristics  to  the  extent  that  they  are  easily  dispersed  in  water.  This 
type  of  nonfat  dry  milk  may  be  of  commercial  significance  in  certain  mixes 
where  this  particular  characteristic  would  be  advantageous.  As  a  general 
rule,  however,  the  increased  costs  involved  in  instantizing  powders  make 
them  prohibitive  in  most  large-scale  commercial  operations. 

A  relatively  new  product,  edible  sodium  caseinate  has  been  introduced 
recently.  This  is  a  dry  powder  of  approximately  90  per  cent  protein  con¬ 
tent  with  a  full  complement  of  amino  acids,  particularly  lysine,  making  it 
attractive  to  people  interested  in  specialty  types  of  high  protein  mixes. 

This  discussion  has  attempted  to  summarize  some  of  the  general  types 
of  dried  milk  products  available  to  the  food  processing  industry.  There 
are  others,  and,  in  fact,  variations  of  these  that  may  be  more  advantageous 
to  certain  specific  industrial  users.  Most  large  dairy  processing  concerns 
are  willing  and  anxious  to  cooperate  with  industrial  users  in  attempting 
to  produce  products  which  will  perform  to  advantage  in  their  specific 
manufacturing  operation. 


Sugars’ 

Sugars  are  an  exceedingly  important  ingredient  in  mixes.  The  func¬ 
tions  that  sugars  play  in  mixes  are:  (1)  improve  flavor;  (2)  add  rich¬ 
ness;  (3)  impart  keeping  quality;  (4)  act  as  a  tenderizing  agent;  (5) 
contribute  to  grain  and  texture;  and  (6)  affect  color  of  crust. 

Sugars  vary  in  their  relative  sweetness,  as  shown  below: 


Relative  Sweetness  Rating 


Kind  of  Sugar 

Relative 

Sweetness 

Sucrose  (cane  or  beet  sugar) 

100 

Levulose,  fructose 

175 

Invert  sugar 

130 

Dextrose  hydrate 

70 

Corn  syrup  (enzyme) 

60 

Corn  syrup  (acid) 

30 

Maltose 

30 

Lactose 

15 

1  Data  for  this 
pany. 


section  were  supplied  by  the  California  and  Hawaiian 


Sugar  Com- 
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The  most  important  sugar  used  is  sucrose  (cane  or  beet  sugar).  This 
varies  in  granulation.  Types  that  are  of  interest  to  mix  manufacturers 
include  sanding  sugar,  granulated  sugar,  bakers’  special,  powdered,  dri- 
vert,  and  fondant  and  icing  sugar.  Below  is  a  typical  screen  analysis  of 
sanding  sugar.  This  can  be  packed  in  a  separate  package  and  used  to 
sprinkle  on  top  of  products  baked  from  mixes,  imparting  a  sparkle  to  the 
finished  product. 

Typical  Screen  Analysis  of 
Confectioners  Sanding  Sugar 


Per  cent  on  20  mesh .  9.3 

Per  cent  on  28  mesh .  49.2 

Per  cent  on  35  mesh .  37.6 

Per  cent  through  35  mesh .  3.9 


Regular  granulated  sugar  is  frequently  used  in  mixes.  A  typical  screen 
analysis  of  this  product  is  given  below: 


Typical  Screen  Analysis 
of  Granulated  Sugar 


Per  cent  on  28  mesh .  0.4 

Per  cent  on  35  mesh .  13.8 

Per  cent  on  48  mesh  .  40.2 

Per  cent  on  80  mesh .  40.6 

Per  cent  through  80  mesh  .  5.0 


Bakers’  special  sugar  is  considerably  finer  than  granulated  sugar,  as 
shown  by  the  screen  analysis.  This  produces  a  very  fine  texture  and 
grain. 


Typical  Screen  Analysis 
of  Bakers’  Special 


Per  cent  on  28  mesh  .  Trace 

Per  cent  on  35  mesh  .  0.4 

Per  cent  on  48  mesh .  1.7 

Per  cent  on  80  mesh .  24.8 

Per  cent  on  100  mesh .  32.3 

Per  cent  on  150  mesh  .  31.6 

Per  cent  through  150  mesh .  9.2 


Powdered  sugar  has  a  screen  analysis  as  shown  below. 


Typical  Screen  Analysis 
of  Powdered  Sugar 

Per  cent  on  100  mesh  .  .  . 
Per  cent  on  150  mesh  .  .  . 
Per  cent  on  200  mesh  .  .  . 
Per  cent  on  270  mesh  .  .  . 
Per  cent  on  325  mesh  .  .  . 
Per  cent  through  325  mesh  .  .  . 


0.3 

1.8 

6.6 

8.2 

10.2 

72.3 
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Powdered  sugar  is  mixed  with  very  low  moisture  food  grade  starch  to 
retard  caking.  It  is  frequently  used  in  mixes,  and  imparts  easy  spieac  - 
ing  qualities  to  certain  icings  which  are  packaged  and  sold  with  ca  e 


mixes. 


‘Drivert”  sugar  is  a  trade  name  for  a  special  sugar  manufactured  by 
the  California  and  Hawaiian  Sugar  Refining  Corporation.  The  signifi¬ 
cant  thing  concerning  this  sugar  is  that  it  is  10  per  cent  invert  and  90  per 
cent  fondant  and  icing  sugar.  This  combination  acts  as  a  moisture  re¬ 
taining  agent  in  products  baked  from  mixes.  It  is  frequently  used  in  pie¬ 
paring  fondant  or  icings. 

Fondant  and  icing  sugar  particles  are  between  10  to  20  microns  in 
diameter,  and  are  about  one-hundredth  the  size  of  powdered  sugar  par¬ 
ticles.  The  size  of  the  particles  are  of  particular  significance  in  preparing 
icings  which  resemble  a  cooked  icing.  When  tasted,  the  particles  cannot 
be  detected. 

Glabau  (1952)  has  conducted  extensive  baking  tests  on  cakes  with 
liquid  and  cane  sugar  of  varying  degrees  of  granulation.  He  has  come 
to  the  conclusion  that  the  particle  size  of  the  sugar  is  reflected  in  the 
specific  gravity  of  the  batter. 

There  is  a  tendency  for  the  batter  to  offer  greater  resistance  as  the 
particle  size  of  the  sugar  is  increased.  From  a  practical  standpoint,  the 
cakes  baked  from  the  various  granulations  were  all  equally  good  with 
respect  to  cake  scores.  It  may  be  said  that  in  general  any  granulation 
of  sugar  can  be  successfully  used  and  that  the  difference  between  the 
cakes  made  from  the  various  granulations  is  small. 

In  the  production  of  cookie  mix,  the  different  granulations  show  very 
wide  variations  in  the  baked  cookies.  It  is  generally  stated  that  as  the 
particle  size  of  the  sugar  is  increased,  the  spread  of  the  cookie  becomes 
greater.  If  one  desires  to  produce  a  very  thick  cookie,  powdered  sugar 
would  be  the  appropriate  type  to  use. 

Brown  sugars  are  used  by  mix  manufacturers,  although  they  are  ex¬ 
tremely  difficult  to  incorporate  as  an  ingredient  due  to  their  caking 
quality.  These  sugars  should  be  stored  at  a  relative  humidity  of  50  per 
cent  or  over.  They  are  used  for  the  flavor  and  color  that  they  impart  to 

prepared  mixes.  The  chemical  composition  of  brown  sugar  is  shown  on 
page  366. 

Dextrose  or  corn  sugar  is  frequently  used  as  an  ingredient  in  mixes 
the  most  common  one  being  pancake  mixes.  The  reason  for  its  use  is 
that  it  browns  more  quickly  than  cane  sugar.  There  are  two  forms  of 
dextrose,  dextrose  hydrate  which  contains  approximately  8  per  cent 
moisture,  and  anhydrous  dextrose  containing  only  0.2  per  cent  moisture 
I  he  anhydrous  type  can  be  used  in  mixes  when  it  is  desired  to  lower  the 
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Chemical  Composition 


Golden  C  Yellow  D 
Per  cent  Per  cent 


Sucrose .  86.0  85.4 

Moisture .  3.9  3.7 

Invert  sugar .  5.4  5.5 

Ash  (mineral  matter) .  2.4  2.9 

Organic  non-sugars  (by  difference) .  2.3  2.5 


100.0  100.0 


moisture  in  the  total  mix.  It  takes  water  from  the  other  constituents  of 
the  mix  and  reverts  to  the  hydrate. 

Corn  syrups  are  not  generally  used  in  prepared  mixes  because  of  the 
difficulty  of  incorporation.  However,  certain  dried  corn  syrups  can  he 
used  in  very  small  amounts,  particularly  in  icings. 

Malt  syrup  cannot  be  used  to  any  great  extent  because  of  the  difficulty 
of  incorporation.  Dried  malt  has  been  used  in  a  very  small  percentage. 
Dried  malt  is  extremely  hygroscopic,  which  limits  its  use.  Fromalt  re¬ 
cently  developed  by  the  Froedert  Malt  Corporation  is  a  caramelized 
malted  barley  flour  and  can  he  used  to  impart  flavor  to  mixes. 

Molasses  is  generally  used  in  the  production  of  gingerbread  mixes. 
The  patent  for  the  incorporation  of  molasses  in  gingerbread  mix  was 
taken  out  bv  Duff  and  Dietrich  (1933).  Another  patent  for  incorpora¬ 
tion  of  molasses  in  gingerbread  was  assigned  to  General  Mills  m  19a0 
(Said  and  Huber  1950).  Both  of  these  two  methods  are  bemg  success¬ 
fully  used  today.  A  patent  entitled  “Apparatus  for  Drying  Molasses  is 
assigned  to  Food  Concentrates,  Inc.  This  type  of  dried  molasses  is  cur- 

rentlv  being  used  for  some  mixes.  .  ,  . 

Honey  has  been  dried,  but  it  is  so  hygroscopic  that  the  dned  form  can- 

not  be  used  in  the  production  of  mixes.  .  . 

Another  interesting  sugar  is  found  in  the  form  of  dried  whey  winch  .s 
72  73  „er  cent  lactose.  Whey  has  a  very  pronounced  browning  effect 
Ld  tenderizing  effect  in  cakes.  Glabau  (1955),  commenting  on  the  use 
of  whey  in  cakes  and  cookies,  has  the  following  to  say: 

“1)  The  spray  type  of  whey  used  in  this  study  improves  the  structure  of  the 

sugar  cookie.  ,  p,  is  in  the  color  or  caramelization 

2)  The  most  pronounced  physical  pi  opt  . 

of  the  cookie  during  baking.  ,  .  •  indicated  to  some 

3)  The  difference  in  the  tenderness^  o  jily  detect  the  difference 

»*  - . . .  '»* 

value.” 
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The  increased  caramelization  as  compared  with  cane  sugar  is  un¬ 
doubtedly  due  to  the  sugar  protein  reaction.  The  same  sugar  protein 
reaction  holds  true  when  dextrose  is  used  in  mixes.  Sugar  in  its  modi  cc 
form  is  used  in  the  production  of  caramel,  which  in  turn  is  used  as  a  con- 

stituent  of  caramel  cake  mixes.  . 

Maple  sugar  is  used  to  a  very  limited  extent,  due  to  its  high  cost  anc  t  e 

uncertainty  of  a  uniform  supply. 
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CHAPTER  13 


John  T.  Goodwin 


Wet-Milling 


INTRODUCTION 

The  corn  wet-milling  industry  can  be  traced  back  to  1842  when  1  homas 
Kingsford,  who  was  working  in  the  wheat  starch  plant  of  William  Colgate 
and  Company  in  Jersey  City,  New  jersey,  produced  the  first  commercial 
starch  from  corn.  Kingsford’s  process,  which  involved  soaking  the  kernel 
in  water  and  extracting  the  starch,  used  the  same  basic  principles  that  are 
still  in  effect  in  present  milling  practices.  Of  course,  many  technological 
improvements  have  since  been  made. 

A  few  years  later,  three  corn  starch  plants  were  erected,  notable  among 
them  being  the  Kingsford  plant  at  Oswego,  New  York  and  the  Duryea 
plant  at  Glen  Cove,  Long  Island. 

A  booklet  by  Jeffries  (1942)  contains  much  information  about  the  oper¬ 
ations  of  the  Duryea  plant.  It  was  entirely  self-contained  and  made  all 
its  own  equipment,  boxes,  and  wooden  tanks.  It  had  a  press  for  printing 
its  labels  and  manufactured  its  own  illuminating  gas.  There  was  not  an 
electric  motor  or  electric  light  in  the  plant  in  1891. 

The  corn  was  placed  in  wooden,  flat-bottomed  tanks,  covered  with 
warm  water  and  allowed  to  stand.  After  the  corn  was  sufficiently  softened, 
it  was  ground  in  stone  mills  and  sieved  and  washed  on  silk  screened 
shakers  powered  by  reciprocating  engines.  The  slurry  that  was  washed 
through  the  sieves  was  put  in  wooden  tubs,  treated  with  caustic  soda  and 
allowed  to  settle.  After  settling,  the  water  was  sent  to  the  sewer,  taking 
all  of  the  gluten  and  soluble  materials  with  it.  This  settling  process  was 
repeated  three  times  for  each  batch. 

Yield  calculations  were  not  made  in  those  days,  but  it  seems  probable 
that  the  starch  recovery  could  not  have  been  much  above  50  per  cent  of 
the  total  starch  available.  No  chemical  tests  were  run  in  the  plant  but 
an  effort  was  made  to  control  the  alkalinity  of  the  settling  tanks  Tov 
employees  were  trained  in  testing  the  slurry  in  the  settlers  and  they  either 
approved  the  batch  or  caused  more  caustic  soda  to  be  added.  When  the 
Starch  was  hydrolyzed  to  convert  it  to  “glucose,”  tasters  who  had  no  other 
responsibility,  judged  the  completeness  of  the  conversion 

From  these  crude  beginnings,  have  come  the  modern  efficient  corn  re 
ftnmgplants.  They  do  not  empty  their  valuable  products 

Jouu  T.  Goodwin  is  Technical  Director  of  Corn  Industries  Research  Foundation. 
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they  have  excellent  control  laboratories,  and  they  use  the  most  modem 
equipment  available  to  produce  quality  materials  economically  and  main¬ 
tain  good  material  balances. 


THE  CORN  KERNEL 

The  composition  of  the  corn  kernel  on  a  dry  basis  is  shown  in  Table  72. 
These  figures  are  subject  to  slight  variations  depending  on  weather  am¬ 
nions  type  of  seed  and  soil,  amount  and  type  of  fertilizer  and  other 
factors’  but  represent  good  averages  for  yellow  dent  corn.  The  water 
content  of  the  corn  which  comes  into  the  wet-milling  plants  vanes  from 

10  to  25  per  cent. 

THE  WET-MILLING  PROCESS 

Raw  Material  ,  .  j 
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is  transferred  from  boxcars  to  cleaners  and  then  to  temporary  storage  bins 
to  await  further  handling. 

The  cleaning  operations  involve  passing  the  corn  past  powerful  magnets 
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Fig.  87.  Flow  Diagram  of  the  Wet-Milling  Process 

Which  remove  scrap  iron,  steel,  or  nails  which  may  have  been  introduced 
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Table  72 


COMPOSITION  OF  THE  CORN  KERNEL 


Per  cent 

Starch 

73 

Sugars 

3 

Pentosans 

4 

Protein 

10 

Oil 

4.5 

Fiber 

3.5 

Minerals 

2 

After  sampling  and  weighing,  the  corn  is  further  cleaned  by  passing 
over  perforated  screens.  The  upper  screen  has  holes  just  large  enough  to 
let  corn  and  smaller  particles  through  and  the  lower  screen  holds  back  the 
corn  but  lets  smaller  pieces  of  chipped  corn,  cobs,  sticks,  and  stones 
through.  Next  the  corn  is  blown  with  high-pressure  air.  This  removes 
low  density  materials  and  dust  which  are  delivered  to  cyclone  dust 
collectors.  Because  the  corn  itself  is  considerably  agitated  by  the  air,  a 
further  separation  of  higher  density  materials  occurs  and  these  mateiials 
are  removed  from  the  bottom  of  the  flowing  stream  of  coin. 


Steeping 

Cleaned  corn  is  transferred  to  “steep”  tanks  which  hold  2,000  to  3,000 
bushels.  The  purpose  of  the  steeping  operation  is  to  soften  the  kernels 
so  that  the  subsequent  milling  operations  and  separations  can  be  carried 
out  efficiently.  Warm  water  containing  a  small  amount  of  sulfur  dioxide  is 
circulated  through  the  steep  tanks.  The  sulfur  dioxide  is  used  for  two 
principal  reasons;  first,  it  prevents  undesirable  fermentations  and  secon  , 
it  helps  soften  the  kernel.  The  corn  refiners  manufacture  their  own  sulfur 

dioxide  by  burning  sulfur  in  rotary  burners.  , 

In  the  early  days  of  the  wet-milling  of  corn,  batch  methods  were  used 
in  steeping.  In  other  parts  of  the  processing,  water  was  discarded.  The 
result  was  a  large  requirement  for  water  and  a  sizable  loss  of  product  m 

the  water  which  was  discharged  from  the  plant.  , 

^  There  were  several  reasons  why  corn  wet-millers,  through  the  years,  had 
been  concerned  with  the  waste  water  problem.  For  one  thing,  the  waste 
produced  pollution  and  odor  problems.  Second  y 
realized  that  part  of  their  raw  material  was  being  lost.  Final  y, 

requirements  were  very  large  rs  obtained  patents  dealing 

*5  SOSSf  “  -T-rtS 
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This  process  as  it  is  now  practiced,  employs  water  flowing  through  the 
steep  tanks  in  such  a  manner  that  the  freshest  water  passes  over  the  corn 
which  has  been  steeped  the  longest.  This  procedure  insures  removal  of 
the  maximum  amount  of  soluble  material.  In  addition,  water  which  has 


Courtesy  of  Corn  Industries  Research  Foundation,  Inc. 

Fig.  88.  Cohn  is  Being  Dropped  Out  of  One  of  the 
Steeping  Tanks 


It  has  been  softened  by  soaking  or  “steeping,”  and  carried  by  a 
vibrating  type  conveyor  to  the  grinding  department. 


)een  used  in  some  other  parts  of  the  refining  process  is  added  back  to  the 
circulating  steepwater.  These  changes  increased  the  yield  from  90  per 
cent  to  almost  100  per  cent,  greatly  improved  the  efficiency  of  the  entire 

lowered  costs  WaS'e  pr°blemS>  saved  water,  and  thus 
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The  steepwater  is  circulated  until  it  contains  6  to  10  per  cent  solid 
material.  This  “spent”  steepwater  is  then  withdrawn,  concentrated  and 
used  for  purposes  which  will  be  discussed  later. 


Fig.  89.  Open  View  of  a  Degerminating  Mill 


Degermination 

The  corn  which  has  been  softened  by  the  steeping  process  is  now  ready 
for  the  first  milling  operation.  This  step  is  degermination  in  which  the 
oil-rich  germ  is  separated  from  the  starch,  gluten,  hulls,  and  fiber. 

The  softened  corn  is  passed  over  shakers  in  a  second  cleaning  operation 
which  removes  any  foreign  material  which  has  escaped  the  first  series  of 
cleaning  operations  or  has  been  picked  up  in  subsequent  handling. 

The  corn  is  then  ground  in  attrition  mills.  These  attrition  mills  consist 
of  two  plates  with  projecting  teeth.  Some  models  have  the  two  plates 
rotating  in  opposite  directions  and  some  have  one  stationary  plate  and  one 
rotating  plate.  The  plates  are  so  spaced  and  operated  that  the  corn  is 
torn  so  as  to  separate  the  rubbery  germ  from  the  rest  of  the  kernel  but 
leave  the  germ  intact. 
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Germ  Separation 

Either  fresh  water  or  water  which  contains  a  small  quantity  of  sol uble 
material  from  some  of  the  processing  steps  is  added  to  the  corn  in  the 
degerminating  mills.  The  material  leaving  the  rhills  is  a  mixture  of  water, 
starch,  gluten,  germ,  and  hulls.  This  mixture  is  transferred  to  a  series  of 
long  troughs  which  serve  to  separate  the  lighter  oil-bearing  germs  from 
the  rest  of  the  material.  There  is  an  agitator  in  the  lower  part  of  the 
troughs  which  keeps  the  products  mixed  and  helps  free  any  germs  which 
have  been  entrapped. 

The  germs  are  removed  from  the  top  of  the  tanks  along  with  some  of 
the  slurry.  The  germ-slurry  mixture  is  then  transferred  to  reels  or  shakers 
where  the  slurry  is  washed  off  and  returned  to  the  starch-gluten  stream. 

At  the  same  time  that  the  germ  is  leaving  the  top  of  the  tank,  the  mix¬ 
ture  of  starch,  gluten,  hulls,  and  fiber  is  leaving  at  the  bottom  and  is  sent  to 
reels  and  shakers  where  most  of  the  water  and  soluble  materials  are  re¬ 
moved.  Quality  control  tests  are  run  to  insure  that  the  germ  has  been 
completely  separated  from  the  starch  and  gluten,  and  if  not,  the  deger-' 
mination  process  is  repeated  on  the  solids  remaining  after  the  starch-gluten 
slurry  has  been  removed  and  passed  over  the  reels  and  shakers. 

The  germs  are  dried  and  sent  to  the  oil  extraction  and  refining  plant. 
Since  this  process  will  be  completely  described  in  another  chapter  in  this 
book,  it  will  not  be  discussed  further  here. 


Separation  of  Hulls  and  Fiber  from  Starch  and  Gluten 

The  wet  mash  of  fiber,  hulls,  gluten,  and  starch,  which  remains  on  the 
reels  and  shakers,  is  fed  to  mills  which  grind  the  materials  to  a  very  small 
particle  size.  The  hulls  and  fibers  are  not  reduced  in  size  as  much  as  the 
starch  and  gluten  in  the  milling  process. 

The  industry  used  hard,  roughened  flat  mill  stones  for  many  years, 
hese  huhr  nulls  were  circular  and  rotated  at  high  speeds  over  station- 
ary  stones^  This  process  reduced  the  charge  to  a  fine  slurry.  In  recent 
yeare  the  huhr  mills  have  been  replaced  by  stainless-steel  vertical  mills 
which  do  the  same  job,  require  less  maintenance,  and  last  longer  ( Fig.  90 ) . 

k  lie  y  ground  slurry  is  transferred  from  the  mills  to  another  set  of 
ree  s  which  remove  the  hull  and  fiber  particles  surviving  the  milling  proc 
ess.  These  reels  are  rotating  hexagonal  screens  of  copper  oTnlnTd 

the  charge  from  the  mills  is  constantly  fed  to  them  Tl,  .  .t ,  1  i  , 

",rr»  :i"‘h  *v? . . 

—Cists1,:  t 
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Courtesy  of  Corn  Industries  Research  Foundation,  Inc. 

Fig.  90.  Bauer  Attrition  Mill  for  Fine  Grinding  of  Corn 

One  of  these  mills  will  do  the  work  of  several  of  the  older  type  buhr  mills  and  do  it 

much  more  efficiently. 


Gluten-Starch  Separation 

The  corn  refining  industry  has  used  gravitational  methods  for  sepaiat- 
ing  starch  and  gluten  since  its  inception.  The  old  tubs  which  were  de¬ 
scribed  in  the  introduction  were  later  replaced  by  starch  tables.  This 
represented  a  major  process  improvement. 

The  starch  tables  were  about  2  feet  wide  and  100  feet  long.  They  had 
a  pitch  of  about  5  inches  which  caused  the  slurry  to  flow  slowly  down 
them.  The  tables  were  almost  always  wooden  although  other  materials 
such  as  concrete  and  slate  have  been  used.  For  each  1,000  bushels  o 
corn  that  were  ground,  about  3,000  square  feet  of  table  area  were  re¬ 
quired.  Since  many  plants  mill  upwards  of  50,000  bushels  per  day,  the 
floor  space  requirements  for  tabling  starch  were  enormous.  In  tact,  the 
table  house  was  usually  the  largest  building  in  the  refinery. 

The  starch  gluten  slurry  flowed  slowly  down  the  tables  and  sednnen- 
tat  ion  occurred  with  the  heavier  starch  depositing  on  the Tx>  to™ .and I* 
tduten  being  removed  at  the  top  of  the  lower  end  of  the  tables.  The 
first  tabling  operation  produced  starch  containing  sma 
gluten  and  gluten  containing  larger  percentages  of  starch.  Further  pur 
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Courtesy  of  Corn  Industries  Research  Foundation,  Inc, 


I  if..  91.  Internal  View  of  Primary  Separation  Centrifugals 


In  these  machines  gluten  is  removed  from  starch  by 
centrifugal  action. 


cation  of  the  starch  was  accomplished  by  repeating  the  tabling  operation 
or  by  washing  the  starch  on  rotary  vacuum  filters. 

The  description  of  the  tabling  operation  has  been  given  because  it 
played  a  major  part  in  improving  the  yield  of  products  and  lowering  their 
cost  Today  the  tables  have  disappeared.  Large,  highly  efficient  con- 
muous  centrifuges  now  take  the  starch-gluten  slurry,  handle  large  vol¬ 
umes  of  material  and  produce  products  of  high  purity  (Fig.  91 The 
remendous  floor  space  requirements  of  the  table  houses  are  now  gone 

The  entire  operation  is  now  enclosed  and  a  major  source  of  air  contamina- 
tion  in  the  plant  has  been  eliminated. 

The  wet  starch  is  filtered  on  rotary  vacuum  filters,  washed  and  dried. 
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The  final  product  contains  only  about  0.25  per  cent  protein  and  the  varia¬ 
tion  in  its  composition  is  extremely  small. 

The  gluten  is  either  separated  by  sedimentation  in  large  tanks  or  more 
generally,  is  “dewatered"  and  “destarched”  in  another  centrifuge,  filtered 
and  dried.  It  then  is  ready  to  be  used  as  corn  gluten  meal  or  com  gluten 
feed  or  processed  to  recover  the  protein,  zein,  which  has  many  non-feed 
uses. 


STARCH  CONVERSION 


Acid  Hydrolysis 

About  half  of  the  cornstarch  that  is  produced  is  further  processed  to 
make  corn  sugars  and  syrups.  This  process,  called  “conversion"  by  the 
industry,  involves  catalytic  hydrolysis  of  the  starch.  In  the  conversion 
process  as  well  as  in  dextrinization,  starch  modification  and  starch  deriva- 
tization,  the  nature  of  the  manufacturing  operation  undergoes  a  pro¬ 
nounced  change.  The  milling  process  is  entirely  mechanical  in  nature 
and  resembles  other  milling  operations.  It  differs  fiom  most  of  the  others 
mainly  in  the  large  amounts  of  water  which  are  used.  Conversion  and 
the  other  processes  mentioned  above  are  largely  chemical  in  nature. 

Starch  is  made  up  of  amylose,  a  linear  fraction,  which  in  turn  is  com¬ 
prised  of  many  dextrose  molecules  linked  chemically  in  the  1-4  position 
and  amylopectin,  a  branched  molecule,  in  which  branching  occurs  at  the 
1-6  position.  There  is  about  one  branch  per  25  to  30  dextrose  units  in 
amylopectin.  Since  the  ratio  of  amylopectin  to  amylose  in  cornstarch  is 
roughly  3:1,  there  is  about  one  1-6  linkage,  for  every  30  to  40  of  the  1-4 
linkages.  Recently,  Wolfrom  and  Thompson  (1956)  report  finding  very 
small  amounts  of  di-  and  trisaccharides  containing  the  1-3  linkage. 

There  is  an  excellent  discussion  of  the  theoretical  and  experimental 
work  which  has  been  done  in  an  attempt  to  clarify  the  mechanism  of  the 
acid  hydrolysis  of  starch  in  the  book  by  Kerr  (1950).  A  great  deal  o 
speculation  and  hypothesizing  has  been  done  as  to  whether  *e  hvo  pnn- 
einal  types  of  linkages  have  different  rates  of  hydrolysis  The  observed 
results  lead  to  the  conclusion  that,  from  the  practical  standpoint  the  .a  es 
are  not  sufficiently  different  to  affect  significantly  the  nature  ol  the  pro  - 
‘nets  formed.  In  enzymatic  hydrolysis,  which  will  be  discussed  a  er,  . 

different  set  of  conditions  prevails.  .  ,  .  tLe 

When  starch  is  hydrolyzed  with  water  and  an  »PP«»Pn^  J-  ’  h 
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products.  The  extreme  case  is  the  conversion  of  starch  to  the  ultimate 
product,  dextrose.  The  relationship  is  shown  in  the  equation  below: 

( C9H10O5 )  ■>  +  nH,0  =  n  (C„HuO) 
starch  dextrose 

In  this  case,  162  units  of  starch  react  with  18  units  of  water  to  produce 
180  units  of  dextrose.  Lesser  degrees  of  hydrolysis,  which  produce  mal¬ 
tose  and  other  polysaccharides,  result  in  smaller  weight  gains. 

The  rate  of  hydrolysis  of  starch  is  increased  by  raising  the  temperature 
and  by  increasing  the  acid  concentration.  Because  dextrose  may  react 
under  these  conditions  to  produce  a  disaccharide  according  to  the  equa¬ 
tion, 
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and  because  this  is  an  equilibrium  reaction,  the  overall  rate  of  hydrolysis 
if  measured  by  dextrose  produced  in  a  given  time,  appears  to  be  slower 
at  higher  starch  concentrations. 

The  reaction  indicated  by  the  equation  above  as  well  as  the  Maillard 
browning  reaction  and  oxidation  which  results  in  the  production  of  fur¬ 
fural-type  products  are  all  undesirable.  These  reactions  all  lead  to  de¬ 
creased  yields  of  desirable  products  and  to  the  production  of  materials 
which  have  a  deleterious  effect  on  the  flavor  and  color  of  the  products 
For  these  reasons,  the  hydrolysis  conditions  are  usually  chosen  and  coiv 
trolled  to  minimize  the  undesirable  side  reactions. 

The  commercial  hydrolysis  of  starch  is  carried  out  in  such  a  way  that 
two  main  classes  of  materials  are  obtained;  the  first  class  includes  the 
more  completely  hydrolyzed  products  which  are  crvstallizable.  These 
are  the  corn  sugars  mainly  dextrose  and  low  molecular  weight  polysac- 
charides,  and  highly  purified,  crystalline  dextrose.  The  other  tvpe  of 
materia!  ,s  the  non-crystallizable  group  of  products  made  up  Tcorn 
■syrups  and  maltodextrines.  These  products  contain  dextrose  maltose 
and  other  polysaccharides.  Whistler  and  Hickson  M h  ‘  1 

sis 

s » .  ta. .  “  it;™’ T""""8  *» 

in  Table  73.  y  0nstant  T''ese  data  are  shown 
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temperatures  may  be  maintained.  These  vessels  hold  a  charge  of  be¬ 
tween  3,000  and  4,000  gallons  of  starch  suspension.  I  >T> operating 
conditions  for  syrup  and  sugar  manufacture  are  given  m  Table  74. 


Table  74 

STARCH  HYDROLYSIS  CONDITIONS 


Syrup 

Sugar 

Starch,  lbs. 

Water,  gal. 

Hydrochloric  acid,  20  Be. 

Steam  pressure,  lbs. /in. 2 
Conversion  time,  min. 
Temperature,  °F. 

14,480 

2,340 

50 

30 

30 

284 

5,270 

2,930 

90 

45 

40 

302 

The  progress  of  the  hydrolysis  may  be  followed  by  measuring  the  dex¬ 
trose  equivalent  (D.E.)  of  the  solution.  This  dextrose  equivalent  is  a 
measure  of  the  reducing  sugars  present  expressed  as  dextrose.  Since  the 
technique  for  measuring  reducing  sugars  is  slow,  a  derived  relationship 
between  dextrose  equivalent  and  specific  rotation  is  used.  The  specific 
rotation  starts  at  — f-fZOO  degrees  and  gradually  decreases  during  the  course 
of  the  hydrolysis.  Pure  dextrose  has  a  specific  rotation  of  -(-52.5  degrees 
and  the  solution  approaches  this  value  as  a  limit.  When  the  specific  ro¬ 
tation  reaches  the  desired  value,  the  acid  is  neutralized  with  soda  ash  and 
the  hydrolysis  stops. 

The  neutralized  syrup  or  sugar  solution  is  filtered,  passed  over  a  char¬ 
coal  adsorbent  or  an  ion-exchange  resin  to  remove  color  bodies  and  other 
impurities,  and  concentrated  to  the  desired  solids  value  by  evaporators. 

The  continuous  hydrolysis  of  starch  has  been  the  object  of  much  study 
and  interest  to  the  industry.  Patents  have  been  issued  dealing  with  this 
subject  to  Sipyaguin  and  Shoemakher  (1943)  and  Horesi  (1944),  and 
Dloughy  and  Kott  ( 1948)  have  reported  the  details  of  a  continuous  proc¬ 
ess  for  the  manufacture  ol  dextrose.  However,  most  of  the  materials  pre- 
pared  today  are  being  produced  by  a  batch-continuous  process. 


Enzyme  Hydrolysis 

It  was  mentioned  earlier  that  at  high  starch  and  high  acid  concentra¬ 
tions,  hydiolysis  results  in  the  occurrence  of  undesirable  secondary  reac¬ 
tions.  The  products  from  the  reactions  have  an  adverse  effect  on  the  use 
of  such  materials  in  many  food  applications.  These  effects  are  particu- 
lai  lv  important  in  the  more  highly  converted  materials. 

Dale  and  Langlois  (1940)  have  patented  a  process  which  overcomes 

m0rl  f°v!  f ^  Pr°ib  ?mS'  hl  this  process>  an  acid  hydrolysis  is  carried  out 
until  the  desired  dextrose  equivalent  has  been  reached.  The  acid  is  then 
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neutralized,  the  syrup  is  filtered  and  concentrated.  An  enzyme  is  added 

whic^’e  Sy7P  'S  r  hy/r°lyZed-  This  tyPe  of  Produces  syrups 

Much  are  less  viscous  and  more  sweet  than  the  acid-converted  products 

In  addition,  the  secondary  reactions  are  reduced  to  a  minimum  and  the 
ott-taste  products  are  eliminated. 


Dextrose 

Dextrose,  the  end  product  of  starch  hydrolysis,  is  given  a  special  place 
in  this  discussion  because  of  its  large  usage.  Of  all  the  corn  sweeteners 
produced,  including  corn  syrups,  crude  corn  sugar  and  dextrose,  the 
latter  amounts  to  approximately  one-third  of  the  total. 

The  manufacturing  information  given  above  indicates  that,  when  it 
is  desired  to  produce  sugars  by  the  hydrolysis  of  starch,  lower  concentra¬ 
tions  of  starch  in  the  slurry  should  be  used.  It  is  also  customary  to  use 
slightly  higher  acid  concentrations  and  higher  temperatures  for  longer 
times.  The  secondary  reactions  are  not  so  important  because  the  dextrose 
is  finally  purified  by  crystallization  and  the  undesirable  flavor  and  color 
constituents  end  up  in  the  mother  liquor. 

Newkirk  (1936)  in  a  series  of  publications  and  patents  has  described 
the  manufacture  and  problems  involved  in  the  purification  of  dextrose. 
The  procedure  involves  introducing  a  solution  of  the  starch  hydrolyzate, 
which  has  been  concentrated  by  evaporation,  into  large  vessels  which 
are  equipped  with  agitators.  The  solution  is  “seeded”  with  dextrose 
crystals  and  held  at  a  temperature  just  above  ambient  for  several  days. 
After  the  dextrose  has  crystallized,  the  mother  liquor  is  removed  by 
centrifugation.  The  practical  details  for  obtaining  the  final  product, 
crystalline  dextrose,  reworking  the  mother  liquor  and  controlling  the 
crystallization  are  all  contained  in  the  writings  and  patents  of  Newkirk. 
Probably  the  most  important  factor  in  Newkirk’s  work  was  the  discovery 
that,  if  the  crystallization  was  allowed  to  take  place  while  the  system  was 
being  agitated  and  if  the  concentration  of  the  sugar  solution  was  high, 
dextrose  would  crystallize  and  a  chemically  pure  product  would  be 
obtained. 

As  this  work  was  continued,  conditions  were  worked  out  which  favored 
the  production  of  beta-dextrose.  This  particular  crystalline  form  of  dex¬ 
trose  has  the  property  of  dissolving  easily  and  rapidly  in  water.  Its  use 
in  beverages  and  other  products  requiring  ease  of  solution  followed 
immediately. 


QUALITY  CONTROL  TESTS 

The  corn  refining  industry  has  come  a  long  way  since  the  days  when 
the  Duryea  plant  had  two  tests,  a  taste  test  for  alkalinity  in  the  stare  i 
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settlers  and  a  taste  test  for  sweetness  in  the  conversion  process  A  listing 
and  explanation  of  some  of  the  tests  now  being  used  routinely  will 

illustrate  this  point.  .  ,  „ 

The  standard  tests  listed  in  Table  75  have  been  approved  by  an  indus¬ 
try  analytical  committee  and  are  run  on  the  materials  indicated.  In  ac  c  1- 
tion  to  those  tests  listed  in  the  table,  many  other  tests  which  apply  on  v 
to  corn  syrup,  have  industry-wide  standard  methods.  Some  of  these  are: 
Baume,  calcium,  chloride,  color,  copper,  dextrose  equivalent,  heavy 
metals,  iron,  fermentables,  refractive  index,  specific  rotation  and  sulfate. 


Table  75 


STANDARD  ANALYTICAL  PROCEDURES 


Corn 

Cornstarch 

Corn  Syrups 

Feedstuffs 

Ash 

X 

X 

X 

X 

Moisture 

X 

X 

X 

X 

Protein 

X 

X 

X 

X 

Insect  infestation 

X 

Starch 

X 

X 

Acidity 

X 

X 

X 

Crude  fat 

X 

X 

Total  fat 

X 

pH 

X 

X 

X 

Solubles 

X 

X 

Sulfur  dioxide 

X 

X 

In  addition  to  the  standard  tests  mentioned  above,  there  is  a  list 
equally  as  large  which  includes  tests  being  used  regularly,  but  which 
have  not  had  enough  industry-wide  “round-robin  ’  type  of  collaborative 
testing  to  be  approved  as  standard  methods.  Work  on  developing  new 
standard  methods  and  on  improving  present  ones  is  constantly  being 
done. 

In  connection  with  the  search  for  new  and  better  analytical  tools,  it 
should  be  mentioned  that  the  corn  refining  industry,  through  the  Corn 
Industries  Research  Foundation,  Inc.,  pioneered  the  development  of 
the  application  of  nuclear  magnetic  resonance  techniques  to  the  deter¬ 
mination  of  moisture  in  cornstarch.  This  work  has  resulted  in  the 
manufacture  of  a  commercial  instrument  which  will  determine  moisture 
in  cornstarch,  flour  and  similar  materials  in  one  minute  with  better 
precision  than  is  obtained  with  standard  methods  in  much  longer  times. 
An  instrument  which  will  measure  nitrogen  directly  is  in  a  preliminary 
stage  ol  development.  Other  new  testing  procedures  which  are  in  the 
research  stage  are  the  use  of  ultrasonic  vibrations  to  characterize  starch 
pastes  and  the  use  of  differential  thermal  analysis  and  thermogravimetrv 
to  identify  and  define  solid  carbohydrate  materials.  7 
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PRODUCTS  AND  THEIR  USES 


The  products  of  the  corn  wet-milling  industry  fall  into  three  main 
classes  in  their  uses.  The  classes  are  industrial,  foods  for  human  con¬ 
sumption,  and  animal  feeds.  The  largest  industrial  consumer  of  corn¬ 
starch  is  the  paper  industry.  The  ever  increasing  demand  for  stronger 
and  more  printable  paper  has  resulted  in  the  use  of  more  and  more 
cornstarch  in  paper  making. 

Starch  is  added  to  the  pulp  in  the  beaters  of  the  paper  mills.  The 
purpose  of  the  starch  in  this  operation  is  to  increase  the  strength  of  the 
sheet,  add  rattle  to  the  paper,  and  increase  the  resistance  to  tearing. 
This  latter  property  has  become  more  and  more  important  as  the  manu¬ 


facturing  processes  in  the  mills  have  been  stepped  up  to  get  more  and 
more  production.  The  giant  paper  mills  of  today  could  certainly  not 
operate  on  the  raw  material  which  was  fed  to  the  rolls  before  the  use  of 
starch  became  universal. 

Another  use  of  starch  in  the  paper  industry  is  in  the  manufacture  of 
coated  products.  These  coated  papers  are  necessary  in  the  high-speed 
printing  processes  which  are  used  today  because  the  coatings  increase 
the  tensile  strength  of  the  roll  of  paper.  Without  the  coatings,  the  paper 
would  be  torn  to  bits  by  the  rolls  and  their  inks. 

Another  large  user  of  starch  is  the  textile  industry.  The  textile  weav¬ 
ing  operation  has  an  abrasive  action  on  the  fibers  being  used.  To  coun¬ 
teract  this,  the  fiber  is  passed  through  a  hot  bath  of  cooked  cornstarch 
and  then  dried.  The  fiber,  with  its  coating  of  cornstarch,  is  then  ready 
for  use  and  will  not  fray  or  part  during  the  weaving  as  does  the  unsized 
material.  Starch  is  also  used  for  “backfilling  of  textiles.  This  back¬ 
filling’  gives  a  firm  “hand  to  the  cloth  and  improves  its  appearance.  It 
also  causes  the  material  to  handle  better  in  its  further  processing 


operations. 

Other  industrial  users  of  cornstarch  are  commercial  laundries,  foun¬ 
dries  where  starch  is  used  as  a  core  binder  for  molds,  mining  opeiations 
where  starch  is  used  in  the  ore  flotation  process,  petroleum  producers 


where  starch  is  used  as  an  ingredient  of  the  drilling  muds,  the  adhesives 
industry,  and  many  others  such  as  pharmaceutical  pelleting,  briquette 

cementing,  and  match  manufacture. 

Corn  syrup,  although  used  principally  in  the  food  industry,  does  have 
some  important  industrial  uses.  It  is  used  by  paper  mills  as  a  plasticiz¬ 
ing  agent  in  the  manufacture  of  glassine  paper.  Here  it  functions  by 
maintaining  the  proper  humidity  in  the  paper  so  that  it  remains  flexible. 
It  is  used  in  pharmaceutical  preparations  as  a  carrier  for  the  active  in¬ 
gredients,  in  the  leather  tanning  industry,  and  as  a  textile  finishing  agent. 
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Dextrose  is  used  as  a  raw  material  in  the  manufacture  of  the  polyols, 
sorbitol  and  mannitol.  Catalytic  hydrogenation  reduces  the  dextrose  to 
the  alcohols.  Sorbitol  has  many  uses  based  on  its  humectant  properties, 
and  is  itself  used  for  the  production  of  surfactants  and  synthetic  vitamin 

C. 

The  use  of  cornstarch,  corn  syrups,  and  corn  sugars  in  the  food  industry 
are  so  numerous  that  only  a  few  of  the  largest  ones  will  be  mentioned. 

The  candy  industry  is  a  tremendous  user  of  corn  syrup  and  corn 
sugars.  This  industry  consumes  about  one-half  of  all  the  corn  syrup  pro¬ 
duced  and  sold  today.  It  is  estimated  that  one-fourth  of  the  total  weight 
of  candy  produced  is  corn  syrup.  The  reasons  for  the  large  use  in  this 
industry  are  well  understood.  Corn  syrup  has  the  ability  to  suppress 
crystallization  of  sugars  so  that  the  candy  retains  its  smooth  texture.  The 
use  of  corn  syrup  gives  the  advantage  of  excellent  batch-to-batch  uni¬ 
formity,  which  some  of  the  older  methods  did  not  do.  Another  reason 
for  using  corn  syrup  is  because  of  its  humectant  properties  which  main¬ 
tain  the  original  moisture  levels  in  the  candies  and  thus  prevent  drying 
and  brittleness. 

Other  food  uses  of  corn  syrup  are  in  the  production  of  mixed  syrups, 
bakery  products,  jams,  jellies,  preserves,  ice  cream,  and  canned  and 
frozen  fruits. 

Dextrose  and  corn  sugars  are  widely  used  in  bakery  products  such  as 
bread,  doughnuts,  cookies,  biscuits,  and  prepared  mixes.  They  are  also 
used  in  soft  drinks,  frozen  and  preserved  foods,  and  ice  cream. 

Cornstarch  also  has  many  food  uses  in  addition  to  the  industrial  uses 
mentioned  above.  It  is  used  in  custards,  puddings,  soups,  cake  fillings, 
and  salad  dressing.  The  brewing  industry  uses  a  special  product,  refined 
grits,  because  of  its  low  protein  and  fat  content.  This  property  imparts 
very  good  keeping  qualities  to  brewery  products.  Cornstarch  is  also  used 
m  baking  powder  and  bakery  products  as  well  as  in  candy  manufacture. 

The  steepwater  which  has  been  mentioned  many  times  has  some  in¬ 
teresting  uses.  It  is  concentrated  to  a  pea  soup  consistency  and  used  as  a 
mold-nutrient,  finding  a  particular  use  in  the  manufacture  of  penicillin. 
The  materials  in  steepwater  are  the  solubles  extracted  from  the  corn  and 
include  protein,  carbohydrate,  and  minerals.  In  addition  to  its  widely 
publicized  use  in  penicillin  production,  it  is  an  important  ingredient  of 
high-quality  animal  feeds. 

,,  oil  has  T. becn  <Uscussed  in  this  chapter  because  its  manufacture 
being  covered  in  another  chapter.  However,  it  should  be  mentioned 

in  salad  d**™  “  T  f  ^  m°re  unsaturat«>  oils  and  finds  large  uses 
m  salad  dressing  and  cooking  oil  applications.  It  has  been  used  in  m 

of  the  studies  dealing  with  the  effect  of  , ,  ,  d  ln  manV 

5  me  errect  ot  saturated  and  unsaturated  fats 
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on  various  animals  and  is  high  on  the  list  of  those  oils  containing  large 
amounts  of  essential  fatty  acids. 

Dextrins  and  modified  starches  are  also  being  covered  elsewhere,  hut  it 
should  be  pointed  out  that  the  wet-milling  industry  offers  a  wide  variety 
of  special  carbohydrate  materials  which  are  particularly  adapted  to  spe¬ 
cific  applications.  Thin-boiling  starches,  cross-linked  starches,  and  starch 
derivatives  merit  individual  mention. 

A  word  should  be  said  about  starch  produced  from  waxy  maize.  Waxy 
maize  is  a  type  of  corn  which  has  a  carbohydrate  component  made  up 
mostly  of  amylopectin,  the  branched  molecule  of  ordinary  cornstarch. 
This  type  of  starch,  without  the  linear  amylose  molecules,  has  properties 
quite  different  from  regular  cornstarch.  The  starches  from  waxy  maize 
form  clear,  fluid  pastes  in  contrast  to  cornstarch  which  forms  pastes  which 
are  cloudy  and  gelatinous.  Waxy  maize  starch  is  used  in  adhesives  and 
textile  finishing,  pie  fillings,  and  salad  dressings. 

The  animal  feeds  which  are  produced  by  the  corn  wet-milling  industry 
are  far  better  nutrients  than  the  corn  with  which  the  refiners  start.  The 
reason  behind  this  is  obvious.  The  refining  process  does  an  excellent  job 
in  separating  carbohydrate  from  protein  and  consequently,  the  feed  piod- 
ucts  are  much  higher  in  protein  than  the  corn  itself.  Corn  grain  has  about 
10  per  cent  protein,  but  corn  gluten  feed  has  21  per  cent,  and  coin  gluten 
meal  41  per  cent  protein.  Thus,  the  feeds  are  higher  in  protein  and  lowu 
in  carbohydrate,  which  is  exactly  what  is  desired.  The  feed  products  are 
sold  to  the  mixed  feed  industry  which  then  makes  the  necessary  adjust¬ 
ments  so  that  the  end  product  is  a  balanced  feed  best  suited  to  the  par¬ 
ticular  animals  to  whom  the  product  goes. 
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CHAPTER  14 


Richard  I.  Meyer 


Production  of  Oils  from 
Cereal  Grains 


Oils  derived  from  cereal  grains  constitute  important  products  in  com¬ 
merce  but  their  total  world  production  is  considerably  below  levels  of 
output  for  many  other  vegetable,  marine  and  animal  oils  and  fats.  These 
oils,  corn,  rice  and  wheat,  are  produced  over  a  world  wide  area.  Corn 
oil  is  produced  in  its  largest  quantities  in  the  United  States  (Jamieson 
1943)  although  such  countries  as  the  Union  of  South  Africa,  U.S.S.R., 
Argentina,  and  Canada  manufacture  small  amounts  of  it.  In  1957,  pro¬ 
duction  of  corn  oil  in  crude  form  in  the  United  States  was  estimated  to  be 
275  million  lbs.  (Anon.  1957).  World  production  of  rice  oil  has  been 
estimated  to  be  less  than  50  million  lbs.  (Bailey  1951  A)  and  wheat  oil 
production  throughout  the  world  has  been  estimated  to  be  approximately 
600  thousand  lbs.  (Levin  1958).  Of  edible  oils  from  vegetable  sources 
produced  in  the  United  States,  those  from  the  soy  bean  and  cottonseed 
each  greatly  exceeded  the  total  output  of  corn,  lice  and  wheat  oils. 

Were  it  not  for  the  fact  that  during  the  preparation  of  by-products  from 
corn,  the  germ  is  almost  completely  separated  from  the  rest  of  the  prod¬ 
ucts, ’  corn  oil  would  not  have  become  an  important  oil  from  a  commer¬ 
cial  standpoint  (Jamieson  1943).  Wheat  germ  oil  has  no  significance  as 
a  food  and  is  only  of  very  minor  economic  importance  (Levin  1958). 
Although  of  greater  significance  in  other  parts  of  the  world,  principally 
in  the  orient,  rice  oil  has  not  yet  reached  a  level  of  great  commercial  im¬ 
portance  in  the  United  States  (see  p.  444). 

It  can  be  readily  seen  from  the  foregoing  facts  that  corn  oil  is  the  only 
oil  produced  from  the  true  cereal  grains  which  is  of  real  economic  im¬ 
portance  in  the  United  States. 

SOME  CHARACTERISTICS  OF  THE  CEREAL  OILS 
Classification  of  Cereal  Oils 

Vegetable  oils  and  fats  are  difficult  to  classify  according  to  a  plan  winch 
takes'  into  account  the  many  factors  which  would  simply  and  comp  left 
describe  them.  In  Table  76  are  set  forth  two  attempts  at  classification 
of  the  three  oils  obtained  from  cereal  grains  having  production  sigm 
cance  in  the  United  States. 

,  .  ri  ■  f  Dairv  Oil  and  Fat  Products  Branch,  Quartermaster  Food 

andTontaine'lnstitute  for’ the  Armed  Forces,  Chicago,  llinois. 


388 


OILS  FROM  CEREAL  GRAINS 


389 


Table  76 


Oil2 


Corn 

Rice 

Wheat 


CLASSIFICATION  OF  THREE  CEREAL  OILS1 _ _ 

Chemical  Group  or  Type* _ Botanical  Name1 

Oleic-linoleic  acid  '  %ea  muys 

Oleic-linoleic  acid  Oryza  sativa 

Linoleic  acid  Triticum  sativum 


1  All  of  these  oils  fall  into  the  Hilditch  Classification  Group  IVa,  mono-  and  di-ethy  emc  and  saturated  fatty 
acids  (containing  principally  oleic,  linoleic  and  palmitic  acid  components).  See  Uean  GA»L 

2  Ml  of  these  oils  arc  derived  primarily  from  plants  cultivated  or  processed  in  the  main  for  products  other 


the  oil. 

3  Bailey  (1951  A). 

4  Williams  (1950). 


Although  the  cereal  grain  oils  are  sometimes  classified  as  semi-drying 
type  oils  on  the  basis  of  their  iodine  values,  such  a  system  of  classifica¬ 
tion  fails  to  take  into  account  a  number  of  rather  important  distinctions. 
These  cereal  oils  contain  principally  oleic,  linoleic  and  palmitic  fatty 
acid  constituents,  in  that  order  (except  for  wheat  oil,  where  the  linoleic 
acid  content  slightly  exceeds  that  of  oleic  acid),  while  linoleic  acid  or 
other  fatty  acids  of  greater  unsaturation  than  linoleic  are  entirely  ab¬ 
sent  from  corn  and  rice  oil.  Table  77  indicates  the  disposition  of  the 
principal  fatty  acid  components  in  corn,  rice  and  wheat  oil.  It  has  been 
thought  that,  since  these  oils  do  not  contain  linolenic  acids  or  other  highly 
unsaturated  fractions,  they  are  quite  free  from  the  tendency  toward 
flavor  reversion  which  is  found  in  soybean  and  similar  oils. 


Corn  Oil 

Crude  corn  (or  maize)  oil  has  a  dark  reddish  amber  color.  Even  after 
refining,  it  is  considerably  darker  than  many  other  vegetable  oils.  By 
applying  strong  bleaching  action,  however,  it  can  be  lightened  to  a  golden 
yellow  color.  This  oil,  unless  subjected  to  considerable  deodorization, 
retains  the  strong  taste  and  odor  characteristic  of  the  original  corn  kernel. 
The  unrefined  oil  contains  relatively  large  amounts  of  phosphatides  and 
other  non-oil  substances  (often  in  excess  of  two  per  cent)  and  its  free 
fatty  acid  content  (usually  above  1.5  per  cent)  is  higher  than  that  found 
in  most  vegetable  oils.  The  refined  oil  contains  small  amounts  of  waxes 
which  cause  the  oil  to  cloud  at  refrigerator  temperatures  unless  it  is  selec¬ 
tively  removed  by  a  process  called  winterization.  This  process  will  be 
described  in  a  later  portion  of  this  chapter.  The  keeping  quality  of  re¬ 
fined  corn  oil  is  fairly  good.  The  crude  oil,  however,  is  rapidly  hydro¬ 
lyzed,  unless  processing  proceeds  without  delay.  Such  degradation  is 
enhanced  when  the  oil  remains  in  the  presence  of  corn  meal  impurities 
rhe  germ  portion  contains  from  30  to  50  per  cent  of  the  oil  of  the  corn 
kernel.  Table  78  shows  the  oil  content  of  various  portions  of  the  corn 


390 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


Table  77 

PRINCIPAL  FATTY  ACID  COMPONENTS  IN  CORN,  RICE  AND  WHEAT  OILS 


Saturated  acids  Unsaturated  acids 


Oil 

Palmitic 
Per  cent 

Stearic 
Per  cent 

Oleic 
Per  cent 

Linoleic  Linolenic 
Per  cent  Per  cent 

References 

Corn 

7.8 

46.3 

41.8 

Dean  (1938) 

12. 01 

45.0 

42.0 

Hilditch  (1949) 

11.0 

2.9 

48.8 

34.0 

Longenecker  ( 1 939  )2 

8.1 

2.5 

30.1 

56.3 

Bauer  and  Brown  (1945) 

Rice 

18.0 

2.8 

48.2 

29.4 

Dean  (1938) 

17. 11 

46.3 

33.1 

Murti  and  Dollear  (1948) 

11  .7 

1.7 

39.2 

35.1 

Jamieson  ( 1 926  )3 

16.5 

1  .7 

43.7 

26.5 

Jamieson  ( 1 943  )4 

Wheat 

16.1 

28.2 

52.2 

3 

5 

Dean  (1938) 

13.8 

30.0 

41  .1 

10 

8 

Dean  (1938) 

16  4 

5.6 

11.5 

57.3 

29 

2 

Gunstone  and  Hilditch  (1946) 

15.5 

25.5 

52.6 

6 

3 

Radlove  (1945) 

1  Undesignated  saturated  fatty  acids. 

2  Data  are  in  mol.  per  cent. 

3  Rice  plant  variety:  American. 

4  Rice  plant  variety:  Hambus. 


Table  78 


OIL  CONTENT  OF  THE  WHOLE 

SEED  AND  THE 

VARIOUS  PORTIONS  OF 

CORN,  RICE  AND  WHEAT 

Portion  of  the  Grain 

Whole 

Bran 

Germ 

Oil 

Per  cent 

Per  cent 

Per  cent 

Corn 

3-5 . 51 

3-6 . 52 

30-351 

40-503 

Rice 

Wheat 

1 4 3 

22 

8-1 62 

5-  62 

12-1 8* 

t  Williams  (1950). 

2  Jamieson  (1943). 

3  Bailey  (1951  A). 


Table  79 

—CAL  and  PHYSICAL  (-™,N  -  COPN^CAND 


Property 


Corn 


Solidifying  point  °F. 

Refractive  index  (Zeiss  at  104  r  •) 
Specific  gravity  59 . 9/59  9  F. 
Titer 

Iodine  value 
Saponification  value 
Unsaponifiable  matter,  Per  cent 
Free  fatty  acids,  Per  cent  as  oleic 


5-14 

58.5-60.5 
.922-. 926 
57-61 1 
105-125 
189-193 
.8-2.0 
1  .0 


1  Hilditch  (1949). 

2  Murti  and  Dollear  (1948). 
‘Williams  (1950). 


Rice  Bran 


2 

61-68 
.918-. 928 
77. 42 
92-109 
179-193 
2 .73 
5-50 


Wheat  Germ 


72-80 
.928-. 938 

115-125 

185-192 

2-5 
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rice  and  wheat  plant.  Table  79  indicates  the  many  physical  and  chemical 
properties  peculiar  to  corn,  rice  and  wheat  oils. 


Rice  Oil 

The  color  of  rice  oil,  in  either  the  refined  or  the  crude  state  varies  to  a 
considerable  extent.  Oils  which  have  attained  a  comparative  degree  of 
acidity  are  difficult  to  refine,  and,  in  particular,  to  bleach  to  a  color  con¬ 
sidered  acceptable  for  an  edible  oil.  It  is  held  that  the  oil  extracted  from 
rice  is  invariably  high  in  its  free  fatty  acid  content  (Bailey  1951).  This 
high  acidity  is  attributed  to  the  activity  of  an  unusually  active  lipase.  It 
has  been  claimed,  however,  that  if  caustic  refining  of  the  rice  oil  is  accom¬ 
plished  soon  after  extraction,  much  of  this  lipolytic  activity  is  retarded 
(Jamieson  1943).  However,  once  processed  the  oil  is  reputed  to  possess 
unusual  stability.  Bailey  ( 1951 )  suggests  that  this  property  is  probably 
due  to  the  presence  of  some  potent  antioxidants  naturally  present  in  the 
rice  oil.  Table  79  shows  some  physical  and  chemical  properties  of  rice 
oil.  Feuge  and  Reddi  (1949)  have  shown  that  a  tasteless  and  odorless 
oil  can  be  produced  through  conventional  refining,  bleaching  and  de- 
odorization  of  the  oil. 

Wheat  Oil 

As  shown  in  Table  77  wheat  oil,  unlike  corn  and  rice  oil,  does  contain 
appreciable  amounts  of  linolenic  acid.  The  presence  of  this  substance 
suggests  potential  problems  with  the  keeping  quality  of  the  oil.  Williams 
(1950)  has  found  that  wheat  oil  becomes  rancid  easily.  The  problems 
of  palatability  have  not  been  a  serious  obstacle  to  its  use  because  wheat 
oil  is  marketed,  in  the  United  States  at  least,  principally  as  a  specialty 
product  for  nutritional  supplementation.  Table  77  shows  the  principal 
fatty  acid  components  of  wheat  oil.  Table  79  indicates  some  chemical 
and  physical  properties  peculiar  to  wheat  oil. 

COMMERCIAL  PRODUCTION  OF  CEREAL  OILS 

The  separation  of  oils  and  fats  from  vegetable  materials  comprises  a 
distinct  and  specialized  branch  of  fat  and  oil  technology.  All  extraction 
processes  have  certain  objects  in  common  which  may  be  mentioned  briefly 
here:  1)  to  obtain  the  oil  uninjured  and  as  free  as  possible  of  undesirable 
impurities;  2)  to  obtain  the  oil  in  as  high  a  yield  as  is  consistent  with  the 
economic  realities  of  the  process;  and  3)  to  produce  an  oil  cake  or  residue 
of  the  greatest  possible  value  as  a  by-product  (Bailey  1951). 

Production  details  of  rice  and  wheat  oil  manufacturing  will  not  be 
given  within  this  brief  survey,  because  essentially  the  same  steps  are  used 
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in  extracting  and  refining  of  rice  bran  and  wheat  germ  oils  as  are  used  for 
corn  oil.  Fig.  92  illustrates  the  general  scheme  for  processing  of  the  corn 
germs  following  their  separation  from  the  corn  kernel. 


SHELLED  CORN 


Courtesy  of  Corn  Industries  Research  Foundation 

Fig.  92.  Flow  Sheet  Showing  Extraction  and  Refining  of 
Corn  Oil  in  the  Wet-Milling  Process 


The  raw  material  for  corn  oil  extraction  is  the  germ  after  it  has  been 
separated  from  the  corn  kernel.  Following  this  step,  the  germs  are 
washed  and  dried.  They  are  then  heated  prior  to  their  delivery  into  oi 
extraction  presses.  The  oil  may  be  expressed  through  hydraulic  pi  esses, 
but  the  usual  practice  in  the  United  States  is  to  employ  semicontinuous  or 
continuous  screw-type  presses.  Such  presses  are  ca  e  v i  e rson 

nellers  Fig.  93  illustrates  these  presses  operating  during  piod net  . 

In  utilizing  the  Anderson  expeller,  the  germs  are  first  passed  throng  i 
set  of  flaking  rolls  until  they  are  macerated  into  a  coarse  mea  . 
ground  material  is  then  passed  into  steam-heated  tempers  and  then  m 
the  expeller  unit.  Here,  the  germs  are  forced  under  h.gh  press, 
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Courtesy  of  Corn  Industries  Research  Foundation 

Fig.  93.  Anderson  Expellers  Used  in  Corn  Oil  Extraction 


through  a  slotted  barrel  made  up  of  steel  sections  in  the  form  of  a  rotat¬ 
ing  screen  called  the  “oil-reel.”  During  this  stage  of  processing,  most  of 
the  oil  is  pressed  out  through  the  slots,  while  the  fibrous  portions  (called 
the  “foots”)  are  discharged  at  the  end  of  the  barrel.  This  rejected  mate¬ 
rial  is  usually  returned  through  the  expeller  unit  for  repressing,  but  ulti¬ 
mately  this  residue  material  still  retains  about  5  to  8  per  cent  of  its  original 


oil  content. 

Upon  leaving  the  expeller  units  the  crude  oil  is  usually  pumped  through 
a  lengthy  filter  press.  Fig.  94  illustrates  an  installation  of  corn  oil  clarify- 
ing  presses.  This  filtration  constitutes  only  the  first  of  several  such  steps 
throughout  the  entire  refining  process  (Jamieson  1943,  Anon.  1957). 

Some  refiners  employ  a  combination  of  mechanical  presses  and  solvent 
extraction  for  removing  oil  from  the  grain  germs.  Solvent  extraction  is  a 
highly  efficient  means  of  recovering  the  oil  for  it  is  capable  of  reducing 
the  oil  content  of  the  residue  to  about  0.5  per  cent  as  compared  with  5 
per  cent  in  mechanically-expressed  residues.  Although  solvent  extraction 
is  particularly  advantageous  in  the  processing  of  raw  materials  of  ex¬ 
tremely  low  oil  yield,  this  process  has  been  extended  to  the  processing  of 
corn  germs  in  recent  years  (Bailey  1951A).  It  is  a  common  practice  to 
pre-press  seeds  of  high  oil  content  in  low-pressure  screw  presses  to  about 
ten  per  cent  residual  oil  content  prior  to  solvent  extraction. 

The  usual  solvents  employed  in  this  process  are  the  so-called  extrac- 
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Courtesy  of  Corn  Industries  Research  Foundation 

Fig.  94.  Filter  Presses  for  Clarifying  Corn  Oil 


Courtesy  of  Corn  Industries  Research  Foundation 

,o.  95.  Centrifuges  and  Flowmeters  Used  in  Corn  Oil  Refining 
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tion 
hexane. 


naphthas  such  as  light  petroleum  fractions  consisting  chiefly  of  n- 


m 


The  solvent-oil  mixture  from  the  extractor  is  filtered  to  remove  any  solid 
matter,  and  then  the  solvent  is  separated  from  the  oil  in  an  evaporator  or 
stripping  column  (Anon.  1957).  Here  the  solvent  boils  off,  and  the  vapor 
is  condensed  and  collected  for  re-use.  The  germ  flake  from  the  extractor 
contains  a  certain  amount  of  solvent  and  this  is  usually  recovered  by  a 
steaming  and  heating  process.  The  extracted  flake,  now  stripped  of  al¬ 
most  its  entire  oil  content,  may  be  used  in  livestock  feeds.  Sometimes,  in 
place  of  filtering  the  oil  from  the  solvent  extractor,  it  is  simply  run  into 
large  tanks  where  the  solids  settle  to  the  bottom  and  are  subsequently 
drawn  off.  These  solids,  known  collectively  as  “foots,”  are  utilized  in 
soap  manufacture. 

Further  refining  of  the  extracted  oil  must  be  undertaken  to  remove  fatty 
acids,  phosphatides  and  other  gummy  or  mucilaginous  materials.  The 
first  step  in  fatty  acid  removal  is  to  expose  the  oil  to  a  strong  caustic 
aqueous  alkali  solution  (Bailey  1951A).  This  process  involves  three 
operations:  1)  emulsification  of  the  oil  with  a  considerable  excess  of  al¬ 
kali  material;  2)  heating  to  break  the  emulsion;  and  3)  separating  the 
refined  oil  from  the  precipitated  soapy  substances  and  miscellaneous  as¬ 
sociated  impurities.  The  precipitated  material  is  again  termed  “foots”  or 
“soapstock”  and  has  commercial  by-product  value,  for  it  contains  about 
30  to  50  per  cent  free  and  combined  fatty  acids.  Separation  of  the  re¬ 
fined  oil  from  the  impurities  is  accomplished  by  centrifugation.  Fig.  95 
illustrates  an  installation  of  centrifuges  and  flowmeters  used  in  this  stage 
of  the  refining  process.  By  means  of  the  alkali  treatment  for  fatty  acid 
removal,  crude  oils  which  seldom  would  contain  less  than  0.5  per  cent 
free  fatty  acids  are  reduced  to  a  free  fatty  acid  level  of  about  0.01  to  0.03 
per  cent.  Significant  improvement  in  production  efficiency  has  been  ob¬ 
tained  in  recent  years  through  the  introduction  of  a  continuous  method 
of  caustic  soda  refining  to  replace  the  more  conventional  batch  method. 
This  newer  technique,  first  introduced  into  the  United  States  in  1933, 
prevents  to  a  large  extent  the  so-called  neutral  losses  which  are  common 
in  the  batch  technique.  These  losses  are  reduced  about  25  to  30  per  cent 
by  reducing  the  time  of  contact  between  the  corn  oil  and  the  caustic 
material  and  through  efficient  separation  of  the  oil  and  the  soapstock  in 
very  high-speed  centrifuges. 

A  bleaching  treatment  of  corn  oil  is  usually  required,  since  the  alkali¬ 
refining  process  does  not  produce  a  sufficiently  light-colored  oil  for  mar¬ 
keting  purposes.  Bleaching  is  usually  accomplished  by  treating  the  re- 
ned  ()11  with  an  adsorbent  material  in  powder  form.  Both  natural  and 
acid-activated  bleaching  earths  (e.g.,  Fullers  earth  or  clay)  are  used  as 
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adsoi bents.  The  acid-treated  powders  are  more  expensive,  but  have  a 
greater  adsorptive  power  for  fat  pigments,  particularly  for  chlorophyll  or 
related  pigment  compounds.  The  bleaching  is  usually  effected  at  a  tem¬ 
perature  of  220  to  240  F.  under  atmospheric  pressure.  Slightly  lower 
temperatures  may  be  utilized  when  the  process  is  done  under  vacuum. 
When  a  good  activated  adsorbent  earth  is  employed,  an  amount  of  only 
about  one  per  cent  is  required  to  bleach  a  good  quality  of  oil.  However, 
considerably  larger  amounts  of  earth  material  may  be  required  if  a  natural 
earth  of  lower  activity  is  used,  or  if  the  oil  is  of  a  poor  grade  or  highly 
colored.  Equilibrium  between  unadsorbed  pigments  in  the  oil  and 


adsorbed  pigments  in  the  earth  is  usually  established  within  a  five-minute 
period  if  the  oil  and  adsorbent  are  vigorously  mixed. 

In  the  common  practice  of  bleaching,  on  a  batch  basis,  the  oil  and  ad¬ 
sorbent  are  mixed  together  in  a  kettle  of  about  30,000  lbs.  capacity.  To 
avoid  oxidation  of  the  oil  and  improve  bleaching  efficiency  this  procedure 
is  usually  performed  under  a  vacuum,  although  the  use  of  open  kettles 
for  the  operation  is  not  uncommon.  The  charge  is  pumped  from  the  kettle 
through  a  filter  press.  The  press  cake  of  spent  adsorbent  is  blown  with 
air,  or  a  mixture  of  steam  and  air,  to  reduce  its  entrained  oil  content  to  a 
level  of  30  to  40  per  cent.  Following  this  effort  to  recover  oil,  in  some 
commercial  operations  solvent  extraction  is  carried  out  on  the  press  cake 
to  recover  more  oil.  Ultimately,  the  press  cake  of  adsorbent  earth  mate¬ 
rial  is  discarded. 

Bleaching  as  a  distinct  step  in  the  oil-refining  process  is  usually  fol¬ 
lowed  by  a  chilling  treatment  of  the  oil  called  “winterization.  Winteri¬ 
zation  or  destearination  are  the  terms  generally  applied  to  a  process  of 
removing  from  the  oil  certain  constituents  which,  though  soluble  at 
medium  or  higher  storage  temperatures,  crystallize  out  and  make  the  oil 
turbid  in  appearance  under  conditions  of  cold  (Andersen  1953).  Particu- 
larly  when  edible  oils  are  used  as  salad  oils,  a  small  fraction  of  solid  glyc¬ 
erides  must  be  removed,  as  their  presence  makes  the  oil  appear  cloudy. 
In  corn  oil,  however,  it  is  not  so  much  the  presence  of  high-melting  glyc¬ 
erides  as  a  very  small  portion  of  waxes  which  produces  this  undesirable 

turbidity. 

The  process  of  winterizing  consists  in  cooling  the  od  at  temperatures 
some  degrees  below  that  at  which  the  oil  is  required  to  remain  clear. 
The  oil  is  cooled  with  a  cold  water  or  brine  coolant,  or  by  cooling  the  an 
in  a  storage  room  where  the  oil  is  maintained.  The  cooling  must  ae  s  ov 
enough  to  enable  the  higher  melting  components  to  form  definite  wel  - 
built  crystals.  Small  crystals  resulting  from  too  rapid  cooling  make ^filtra¬ 
tion  difficult.  Frequently,  a  suitable  filter  aid  is  added  to  die  o  b o  o  e 
cooling,  so  that  the  particles  can  act  as  crystallization  centers.  To  ensure 
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maintenance  of  the  low  temperatures  during  filtration,  the  filters  are  often 
placed  in  the  cooling  room  or  else  the  filter  presses  are  provided  with  in¬ 
ternal  channels  for  cooling.  No  wholly  satisfactory  continuous  process  tor 

winterizing  (Schwitzer  1951)  has  been  perfected. ^ 

The  final  step  in  the  refining  process  is  usually  the  deodorization  or  t  ic 
oil.  Practically  all  of  the  vegetable  oils  used  as  edible  fat  products  in 
the  United  States,  as  well  as  in  most  western  nations,  are  subjected  to  a 
deodorizing  treatment. 


Courtesy  of  Corn  Industries  Research  Foundation 


Fig.  96.  Top  of  Oil  Deodorizing  Kettle  Showing  Vacuum  Producing  Steam  Jets 


Deodorization  is  a  process  of  steam  distillation  in  which  the  relatively 
non-volatile  oil  is  held  at  a  high  temperature,  under  reduced  pressures 
while  it  is  stripped  of  the  relatively  volatile  constituents  responsible  for 
flavors  and  odors  in  the  crude  or  partially  refined  oil.  Concomitant  with 
the  deodorization  process,  the  free  fatty  acid  content  of  the  oil  is  usually 
reduced  to  a  level  of  from  0.(11  to  0.03  per  cent  and  bleaching  or  loss  of 
color  oi  the  oil  also  will  occur  (Bailey  1951A). 
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Modern  deodorization  equipment  operates  in  the  temperature  range 
of  about  425  to  475  F.  and  at  very  high  vacuum  levels.  Many  processors 
deodorize  salad  and  cooking  oils  at  somewhat  lower  temperatures  than 
they  do  hydrogenated  oils.  The  rigorous  exclusion  of  oxygen  during  this 
process  may  be  regarded  as  essential  to  the  effectiveness  of  the  operation. 
Fig.  96  illustrates  the  steam  jets  which  produce  the  vacuum  at  the  top 
of  a  typical  deodorizer  vat. 

The  stability  of  vegetable  oils  of  good  quality  is  usually  improved  con¬ 
siderably  by  the  deodorization  process  (Bailey  1951).  Deodorization  de¬ 
stroys  any  peroxides  in  the  oil  and  removes  aldehydes  or  other  volatile 
products  which  may  have  developed  through  atmospheric  oxidation,  but 
it  should  be  noted  that  strongly  rancid  oils  cannot  be  completely  re¬ 
claimed  by  deodorization. 

Batch-type  processes  are  yielding  to  newer  continuous  processes  for 
deodorization.  In  the  former,  the  steps  of  heating,  deodorizing,  cooling 
and  filtering  may  take  from  5  to  8  hours  depending  on  the  actual  condi¬ 
tions  of  operation,  the  size  and  the  quality  of  the  equipment  (Schwitzer 
1951).  Development  of  semi-continuous  or  continuous  units  with  auto¬ 
matic  controls  have  resulted  in  complete  deodorization  being  effected  in 
2V2  hours.  If  deodorization  has  been  properly  conducted,  the  removal 
of  odoriferous  ingredients  from  the  oil  is  substantially  complete.  Well 
deodorized  oils  of  different  identity,  when  fresh,  cannot  be  easily  dis¬ 
tinguished  from  one  another  by  odor  and  taste.  They  are  quite  bland 
and  merely  give  one  a  sensation  of  oiliness  in  the  mouth  (Bailey  1951). 

Corn  oil,  following  deodorization,  is  usually  cooled  and  finally  pack¬ 
aged.  Only  a  small  portion  of  the  total  edible  corn  oil  produced  in  the 
United  States  is  subjected  to  the  process  of  hydrogenation,  and  thus,  as  a 
processing  step  in  the  general  refining  of  vegetable  oils,  it  will  be  men¬ 
tioned  here  only  briefly.  Primarily,  hydrogenation  is  a  means  of  con¬ 
verting  liquid  oils  to  semi-solid  plastic  fats  suitable  for  shortening  or 
margarine  manufacture.  By  means  of  this  process,  enhancement  of  the 
oil  stability  and  lightening  of  color  is  achieved.  In  the  hydrogenation 
process,  hydrogen  is  added  at  the  double-bonds  in  the  fatty  acid  chains. 
Hydrogenation  as  a  process  is  more  than  a  means  of  producing  substitute 
products,  for  hydrogenated  fats  may  be  tailor-made  to  produce  products 
superior  in  some  important  aspects  to  any  of  the  natural  plastic  fats. 


QUALITY  CONTROL  AS  APPLIED  TO  CEREAL  OILS 
Business  transactions  in  crude  and  refined  oils  in  the  United  States  are 
conducted  with  the  aid  of  uniform  standards  spec, Beat. ons,  and  trading 
rules  established  by  various  trade  organizat.ons  government  and  as  o 

dated  scientific  or  technical  societies.  The  trading  rules  generally 


OILS  FROM  CEREAL  GRAINS 


399 


forth  specifications  for  different  grades  of  each  oil  and  m  some  cases 
include  systems  for  the  establishment  of  premiums  or  penalties  based  on 
the  contract  price  for  oil  which  is  better  or  poorer  in  quality  than  the 
standard  for  a  common  basis  grade. 

Although  not  directly  concerned  with  oil  trading,  the  American  Oil 
Chemists’  Society  has  for  many  years  been  active  in  the  development 
of  analytical  methods  which  are  generally  the  basis  for  trading  rules 
utilized  by  the  industry.  Official  and  tentative  test  methods  ( AOCS ) 
commonly  used  in  examining  and  evaluating  the  various  properties  of 
corn  oil  or  other  vegetable  oils  include: 

Free  Fatty  Acids  and  Acid  Value 

These  are  quantitative  measurements  of  the  amount  of  uncombined 
free  fatty  acids  present  in  the  oil.  The  determination  of  the  residual  free 
fatty  acids  and  acid  value  serves  as  a  measure  of  the  effectiveness  of  the 
total  refining  procedure.  The  acid  value  is  defined  as  the  number  of  mg. 
of  potassium  hydroxide  necessary  to  neutralize  one  gm.  of  the  oil. 


Color 


Color  is  important  not  only  in  the  appearance  of  the  oil  itself,  but  also 
as  it  affects  the  color  of  the  product  to  which  the  oil  may  be  added.  The 
bleaching  step  in  the  refining  process  is  varied  according  to  the  color  in 
the  oil  which  is  actually  desired.  Although  there  are  many  methods  for 
measuring  color,  it  has  been  customary  to  report  color  in  edible  oils  in 
terms  of  Lovibond  units.  This  method  expresses  the  color  in  a  sample  by 
comparison  with  red  and  yellow  Loviband  glasses  of  known  intensity. 

Cold  Test 

This  test  measures  the  ability  of  an  oil  to  remain  sparkling  clear  at  re- 
frigeration  temperatures.  It  is  a  check  on  the  effectiveness  of  the  removal 
of  solid  glycerides  and  wax  during  the  winterization  process.  The  test  is 
made  by  actually  holding  a  sample  of  the  oil  for  5 y2  hours  at  32°F.  and 
then  observing  for  any  cloudiness  or  turbidity. 

Peroxide  Value 


This  .s  a  measure  of  the  degree  of  oxidation  that  has  taken  place  in  the 
oil.  Oxidation  is  related  to  rancidity  and  the  test  is  indicative  of  the 
age  of  the  oil  in  terms  of  probable  handling  conditions  that  l.ave  ensued 
(including  temperature  and  exposure  to  light  and  air). 

Smoke  Point 

This  value  represents  the  temperature  at  which  the  oil  first  gives  off 
a  continuous  stream  of  smoke.  The  value  is  fairly  constant  for  each 
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particular  type  of  oil  and  is  indicative  of  the  performance  of  an  oil  for 
deep  fat  frying  applications. 

1  able  SO  shows  typical  analytical  data  covering  the  basic  properties  of 
corn  oil  (Anon.  1957). 


Table  80 


REFINED  CORN  OIL  ANALYTICAL  DATA1 


Property 

Value 

Acidity  (free  fatty  acid  as  oleic) 

0.020  to  0.050 

Acid  value 

0.04  to  0.10 

Color  (Lovibond) 

20  to  25  yellow 
2 . 5  to  5  red 

Cold  test 

Clear 

Saponification  value 

189  to  191 

Iodine  value 

125  to  128 

Hehner  value 

93  to  96 

Titer 

64  to  68  °F. 

Melting  point 

4  to  12  °F. 

Smoke  point 

430  to  500  °F. 

Solidifying  point 

—  4  to  14°F. 

Flash  point 

575  to  640  T  . 

Fire  point 

590  to  700  °F. 

Specific  gravity 

0.918  to  0.925 

Pounds  per  gallon 

7.672  at  70  °F. 

1  Anon.  (1957). 

UTILIZATION  OF  CEREAL  OIL  IN  FOODS  AND  FEEDS 
As  shown  by  the  data  in  4  able  77,  the  fatty  acid  composition  of  corn, 
rice  bran  and  wheat  germ  oil  is  quite  similar.  If  the  separate  oils  were 
refined  by  modern  techniques  to  a  high  degree  of  quality,  their  accep¬ 
tability  and  perhaps  their  utilization  would  follow  a  similar  pattern. 
However,  as  stated  earlier,  the  production  of  rice  bran  oil  is  very  sparse  in 
western  nations.  In  the  case  of  wheat  germ  oil,  it  is  consumed  almost 
exclusively  as  a  nutritional  supplement,  particularly  for  its  vitamin  E 
content,  and  cannot  be  considered  as  a  common  food.  Thus  discussion  of 
utilization  of  cereal  oils  will  be  principally  confined  to  that  of  corn  oil. 


Salad  Oils,  Cooking  Oils  and  Salad  Dressings 

Almost  all  of  the  corn  oil  available  is  made  into  a  salad  or  cooking  oil 
(Bailey  1951).  For  these  two  purposes  the  oil  is  identical,  except  tia 
when  destined  exclusively  for  salad  use,  the  oil  is  winterized.  The  large 
use  of  corn  oil  for  these  purposes  is  due  in  part  to  the  fact  that  the  oil 
reauires  little  or  no  winterization  treatment,  and  par  y  ecnu. 
ural  cotr  of  the  corn  is  rather  darker  than  is  desirable  for  use  m  hydro- 
genated  oils.  Corn  oil  reputedly  displays  a  high  resistance  to  rancidity, 
thich  makes  it  especially  valuable  as  an  ingredient  in  products  like  mayon- 
lise  ,'r  semilhd  salad  dressings  (Anon.  1957).  Despite  properties  of 
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corn  oil  which  seem  to  show  its  advantage  in  these  latter  products,  recent 
surveys  conducted  under  joint  auspices  of  industry  and  government  ( Dan¬ 
ielson*  and  Knape  1958)  indicate  that  corn  oil  comprises  less  than  five  per 
cent  of  the  total  vegetable  oil  usage  in  the  United  States  for  mayonnaise, 
salad  dressings,  and  related  products.  It  should  be  pointed  out  that  this 
situation  is  governed  almost  entirely  by  the  spread  in  price  between  corn 
oil  (on  the  high  end)  and  soybean  and  cottonseed  oils  (on  the  low  end). 
In  the  highly  competitive  food  market  a  price  differential  of  ten  per  cent 
or  more  in  a  major  ingredient  like  edible  oils  for  these  high  fat  products 
can  and  does  favor  the  use  of  less  expensive  sources  of  oil. 

Bakery  Products 

In  the  United  States  corn  oil  is  used  directly  as  a  liquid  fat,  or  is  some¬ 
times  blended  with  harder  fats.  Bakers  use  the  oil  for  greasing  tins  or 
for  brushing  baked  goods.  Actually  the  commercial  bakery  use  for  corn 
oil  is  quite  small  in  terms  of  the  total  annual  production  of  corn  oil.  In 
recent  years  there  has  been  an  increasing  utilization  of  corn  oil  in 
the  liquid  state  by  homemakers  in  contrast  to  use  of  hydrogenated  fat 
sources. 


Frying  and  Fried  Products 

A  high  smoke  point  (see  Table  80)  makes  corn  oil  a  preferred  medium 
lor  deep-fat  frying.  The  relatively  high  frying  temperatures  that  may  be 
used  here,  coupled  with  the  other  favorable  characteristics  make  this  oil 
particularly  good  for  making  potato  chips  and  doughnuts.  The  corn  oil 
may  be  used  repeatedly  for  frying,  since  it  does  not  tend  to  absorb  flavors 
from  one  food  and  transmit  them  to  another. 


Animal  Feeds 

A  considerable  use  is  made  in  the  animal  feeds  industry  of  the  by-prod¬ 
ucts  of  cereal  oil  production.  The  pressed  germ  meal  cakes  obtained  in 
the  early  stages  of  both  corn  and  wheat  germ  oil  refining  have  proved  to 

be  of  real  value  as  a  source  of  metabolites  and  food  calories  for  use  in  pre¬ 
pared  feeds. 

Other  Uses 

The  extensive  use  of  the  by-product  of  corn  oil  production  referred  to 
as  soap  stock,  m  the  manufacture  of  soap  and  associated  products,  repre- 
sents  the  most  important  non-food  application  of  corn  oil.  Smaller  quan- 
l  les  of  either  crude  or  refined  corn  oil  are  used  in  ammunition,  chemicals 
lnsec‘ticides,  paint  and  varnish  substitutes,  rust  preventive  com¬ 
pounds,  and  textiles.  Sulphonated  corn  oil  has  important  application  in 
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tanning  and  processing  of  leather.  Refined  corn  oil  has  found  wide  usage 
as  a  carrier  for  vitamins  and  in  other  medicinal  applications. 


FUTURE  PROSPECTS  FOR  CEREAL  CRAIN  OILS 

Further  commercial  inroads  of  cereal  oils  can  be  expected  to  be  limited, 
in  their  application  as  a  food,  because  of  the  increasing  pressures  of  avail¬ 
ability  of  less  expensive  vegetable  oils  of  high  quality.  From  an  eco¬ 
nomic  standpoint,  likewise,  inherently  limited  yields  of  oil  present  deter¬ 
rents  to  the  commercial  production  of  cereal  oils,  particularly  since  highly 
competitive  edible  oil  sources  are  available. 

It  would  seem  that  a  yet  unrealized  day  of  usefulness  for  the  cereal 
grain  oils  might  be  dawning.  This  may  result  from  their  significant  bio¬ 
logical  value  as  sources  of  nutritive  factors  (Levin  1958).  Although  ce¬ 
real  oils  contain  important  sterols  and  essential  unsaturated  fatty  acids, 
physiologists  have  only  recently  begun  to  find  experimental  evidence  for 
what  appear  to  be  peculiar  properties  of  these  oils.  Such  studies  show 
the  favorable  influence  of  certain  constituents  of  the  cereal  oils  in  studies 
on  heart  action  and  reproduction  in  chickens  (Jensen  et  al.  1958).  Con¬ 
firmation  of  such  unique  properties  might  open  new  uses  for  the  cereal 
oils  which  could  afford  them  a  position  of  significance  in  the  food  field  as 
well  as  in  that  of  therapeutic  nutrition. 
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Feed  Manufacture 


INTRODUCTION 

Only  15  per  cent  of  the  cereal  grains  raised  in  the  United  States  are 
consumed  by  man.  The  remaining  85  per  cent  goes  almost  exclusively 
into  the  feeding  of  livestock  and  poultry. 

The  American  manufactured  feed  industry  combines  cereal  grains  and 
cereal  mixtures  with  other  ingredients,  including  products  containing 
vitamins,  both  natural  and  synthetic,  and  drugs,  to  produce  what  are 
termed  “formula”  or  “mixed  feeds.  Millions  of  farmers  still  feed  some 
straight  grain  to  their  stock,  although  their  number  is  decreasing  as  more 
is  learned  about  the  economic  advantages  of  using  commercially-prepared 
rations. 

The  average  farmer  cannot  afford  to  purchase  the  grain  processing 
equipment  which  is  essential  to  the  proper  preparation  and  combination 
of  the  elements  which  make  up  nutritious,  economical  feed. 


Early  History 

The  formula  feed  industry  is  comparatively  new.  Wherry  (1947) 
noted  that,  “Sixty  years  or  more  ago,  the  flour  mills  in  Minneapolis 
dumped  wheat  bran  into  the  river  because  nobody  wanted  to  buy  it. 
Cottonseed  meal  was  used  as  a  fertilizer,  if  used  at  all.  Most  of  the  lin¬ 
seed  meal  was  shipped  to  Europe.  Large  milk  companies  did  not  peimit 

the  feeding  of  gluten  feed  to  dairy  cows.’ 

Wherry  continued,  “But  men  of  vision  realized  that  a  new  era  in 
poultry  and  livestock  production  could  be  built  on  the  efficient  utiliza- 
tion  of  these  precious  proteins  that  were  wasted  in  an  earlier  day.  And 
so  it  was  that  the  golden  age  of  better  feeding  began. 

Old-timers  in  the  feed  business  say  that  the  history  of  cereal  use  in 
feed  or  as  feed  actually  goes  back  to  1888,  when  Buffalo,  New  York,  was 
swept  by  flood  waters.'  The  floods  followed  the  great  March  snowstorm 
of  that  year,  and  their  waters  swept  out  of  some  of  the  mills  which  they 
invaded,  traces  of  the  gluten  by-product  of  corn  processing, 
in  stables,  cow  barns,  and  sheds  in  the  vicrn, ,ty  reported 
of  these  gluten-impregnated  flood  waters  and  guim  tug 
2  record  rates.  Within  weeks,  a  new  by-product  business  was  launched 

J^Tw.  Smith  is  Editorial  Director,  Editorial  Service  Co.,  Milwaukee,  Wisconsin. 
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by  the  Buffalo  com  mills:  the  shipping  throughout  the  eastern  United 
States  of  boxcar  loads  of  wet  gluten  feed. 


First  Dry  Feeds 

Dry  feeds,  used  almost  exclusively  today,  gained  little  prominence 
until  early  in  the  20th  century.  However,  an  ambitious  Buckeye,  one 
Ferdinand  Schumacher  of  Akron,  Ohio,  had  produced  and  sold  a  dry 
cereal  mixture  some  years  earlier. 

Schumacher  was  a  cereal  miller.  He  processed  oats,  corn,  barley,  and 
wheat  for  human  consumption.  In  about  1885  the  cereal  miller  brought 
out  what  he  labeled  “COB  Feed,”  the  capital  letters  standing  for  the 
ingredients:  corn,  oats,  and  barley  milling  by-products. 

Schumacher  reasoned,  and  correctly,  that  because  the  primary  milled 
cereals  were  valuable  in  human  nutrition,  the  by-products  no  doubt  bad 
some  value  left  in  them  which  could  be  utilized  by  poultry  and  livestock. 
But  the  Ohio  miller  was  years  ahead  of  his  time,  feeding-wise,  and  it  was 
not  until  after  1900  that  the  dry  feed  industry  began  to  make  any  notice¬ 
able  progress.  There  was  still  a  long  way  to  go.  In  1908,  for  example, 
a  chick  feed  was  advertised  as  being  made  of  oats,  corn,  wheat,  flax, 
millet,  kafir,  “etc.”  That  “etc.”  may  have  been  entirely  permissible  in 
those  days  but  careful  state  government  supervision  would  not  allow  it 
today. 

Corn  gluten  feed  became  one  of  the  first  dry  protein  cereal  products 
to  be  fed  to  livestock.  This  product  then,  and  now,  consisted  of  shelled 
corn  with  most  of  the  starch,  gluten,  and  germ  removed  by  wet-process 
milling.  A  giant  of  American  industry,  Corn  Products  Company,  has 
been  marketing  Buffalo  brand  corn  gluten  feed  for  half  a  century. 

First  Manufacturers 


The  oldest  feed  manufacturing  company  in  continuous  operation  in 
the  United  States  is  Blatchfords  of  Waukegan,  Illinois,  which  was 
founded  by  John  W.  Barwell,  an  Englishman,  in  1875.  National  Food 
Company  at  Fond  du  Lac,  Wisconsin,  was  established  ten  years  later. 

The  film  which  today  is  by  far  the  largest  manufacturer  of  animal  and 
poultry  feeds  is  Ralston  Purina  Company  of  St.  Louis.  It  was  founded 
in  1894  by  the  late  William  II.  Danforth  as  Robinson-Danforth  Com¬ 
mission  Company.  Now  it  operates  more  than  50  feed  mills  in  the  United 
States,  Canada,  and  Mexico. 


Among  the  major  flour  millers  in  the  feed  business  are  Pillsbury  Com- 
pany,  General  Mills,  International  Milling  Company,  and  King  Midas 
All  market  a  substantial  part  of  their  flour  milling  by-products  through 
the  animal  and  poultry  rations  which  they  themselves  produce  and  sell 
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Fig.  97.  Typical  Feed  Plant 


Regional  in  scope,  this  feed  plant  manufactures  rations  which  are  sold  over  a  three- 

state  area. 


Some  75  feed  manufacturers  are  arbitrarily  classified  as  ‘‘large.’  Each 
of  these  operates  more  than  one  plant  and  makes  at  least  100,000  tons  of 
feed  a  year.  Another  group  of  130  firms  includes  companies  each  pro¬ 
ducing  50,000  to  100,000  tons  per  year. 

STATISTICS  OF  FEED  PRODUCTION  AND  CONSUMPTION 
Feed  Production 

Writing  one  of  the  first  handbooks  on  grain  and  feed,  Strowd  (1925) 
forecast:  “We  may  look  for  a  bigger,  better  business  in  commercial 
feeds.”  He  continued:  “More  by-products  feed  will  be  produced  and 
less  feed  will  be  exported  to  meet  the  increased  domestic  demand. 

Neither  Strowd  nor  any  other  agricultural  economist  of  those  days 
dreamed  of  the  fantastic  crop  yields  in  the  United  States  today.  But  he 
accurately  judged  that  increased  use  of  roughages  would  not  hurt  the 
tonnage  of  grain  used  in  feeds:  “We  are  so  far  behind  in  applying  the 
known  principles  of  animal  nutrition,  that  this  offset  [use  of  more  legume 
hays]  will  hardly  be  felt  even  as  a  check  on  the  increasing  demand  tor 

commercial  feeds.”  ,  r 

True  to  these  predictions,  satisfies  from  the  American  Feed  Manu¬ 
facturers  Association  and  the  United  States  Department  of  Agr, culture 
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indicate  that  formula  feed  usage  is  growing  year  by  year, 
comparative  figures  for  six  different  years: 


Here  are 


1948. 

1950. 

1952. 

1954. 

1956. 

1958. 


.  25,500,000  tons 
.29,100,000  tons 
.  32,400,000  tons 
.35,000,000  tons 
.35,700,000  tons 
.  40,000,000  tons 


As  higher-energv  rations  are  developed  and  new  additives  devised  to 
make  feeds  more  productive,  the  rate  of  increase  of  total  production 
probably  will  be  slowed  below  the  growth  rate  indicated  above. 


Production  Trends 

As  the  American  consumer  has  turned  away  from  heavy  cereal  eating 
in  his  own  diet  in  recent  years  he  has,  fortunately,  insisted  on  moie  meat, 
milk,  and  eggs.  The  production  of  these  protein  foods  has,  in  turn,  helped 
to  use  up  the  available  cereal  grains. 

The  housewife  is  buying  more  broiler  chickens  than  most  poultrymen 
would  have  dreamed  possible  ten  years  ago.  I  hese  heavy  grain  con¬ 
sumers,  broilers,  have  become  a  major  agricultural  industry  in  a  decade, 
with  annual  production  above  1,500,000,000  birds. 

Farmers  are  keeping  an  average  of  300,000,000  laying  hens  year  in  and 
year  out. 

Dairy  cows  number  about  20,000,000,  with  annual  milk  production 
some  128,000,000,000  lbs. 

Beef  cattle  numbers  fluctuate  depending  on  market  prices  but  are 
averaging  60,000,000  on  hoof  at  any  one  time. 

Sheep  and  lambs  number  31,000,000  head. 

Swine  numbers  rise  and  dip,  but  the  spring  crop  average  in  recent  years 
has  been  about  58,000,000  and  the  fall  crop  38,000,000. 

Turkey  raisers  are  producing  81,000,000  marketed  birds  a  year  and 
keeping  3,500,000  breeding  hens. 

Roasting  chickens  and  other  poultry  not  listed  above  total  415,000  000 
birds. 


Feed  Consumption 

In  the  feeding  year  1957-1958  (October  1  through  September  30), 
available  supplies  of  grains  and  low-protein  by-products  totaled  152  000  - 
000  tons.  Farmers  actually  fed  112,000,000  tons  of  this  available  supply. 
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on  the  previous  feeding  year  indicate  that  feeds  utilized 
2,500,000,000  bushels  of  com,  1,100,000,000  bushels  of  oats,  212,000.000 
Hishels  of  barley,  179,000,000  bushels  of  grain  sorghums,  and  2,000,000 
tons  of  wheat  and  rye.  The  bushel  figures  on  corn,  oats,  barley,  and  grain 
sorghums  convert  to  about  97,000,000  tons. 


Use  by  Types  of  Animals 

Poultry  are  the  largest  consumers  of  commercially-manufactured  feeds, 
and,  as  a  result,  of  the  cereal  grains  used  by  the  feed  industry.  Of  all 
the  feed  consumed  by  poultry,  some  63  per  cent  is  manufactured  in  feed 
mills.  Other  classes  of  livestock  rank  far  behind.  Less  than  seven  per 
cent  of  all  manufactured  feed  sold  is  consumed  by  beef  cattle.  Dairy 
cattle  use  only  20  per  cent  of  total  production.  Hog  farmers  purchase 
less  than  one-tenth  of  the  commercial  feed  output.  In  all  of  these  fields, 
the  feed  industry  has  great  opportunities  to  expand  the  use  of  its  products. 

Swine  consume  47,503,000  tons  of  grain  a  year,  according  to  the  feed 
manufacturers’  group.  This  is  computed  on  the  basis  of  each  hog  eating 
some  422  lbs.  of  grain  to  market  weight. 

Laying  birds,  which  are  not  marketed  until  their  usefulness  as  egg  pro¬ 
ducers  is  finished,  use  some  11,220,000  tons  of  cereals  a  year.  A  chicken 
broiler  ( marketed  at  about  nine  weeks  of  age  and  at  two-and-one-half  to 
three  pounds)  eats  some  six  pounds  of  grain.  In  a  year,  the  broiler 
industry  thus  uses  more  than  4,000,000  tons  of  grain.  Roasting  chickens 
eat  17  lbs.  of  grain  to  market  weight  and  collectively  are  fed  3,871,000 
tons  a  year.  Turkeys  vary  by  breed  types— light,  medium,  or  heavy— but 
average  45  lbs.  of  grain  per  unit  for  a  category  consumption  of  2,325,000 
tons.  Ducks,  geese,  and  game  birds  consume  154,000  tons  of  grain  a  year. 

Dairy  animals  use  21,100,000  tons  of  grain  a  year.  Of  this  total,  17,700,- 
000  tons  is  eaten  by  milk  cows  and  3,400,000  tons  by  bulls  and  heifers. 
Beef  cattle,  primarily  range-fed,  consume  15,400,000  tons  of  grain  a  year. 
Use  of  grain  by  sheep  and  lambs  is  637,000  tons  annually. 

It  is  apparent  from  these  figures  that  feed  uses  of  cereal  grains  are 
extremely  important  in  terms  of  total  consumption  of  faun  crops. 


FEED  PROCESSING  METHODS 

Processing  of  cereal  grains  and  other  ingredients  into  mixed  feed  in 
the  feed  mill  itself  is  a  comparatively  simple  operation.  It  consists  of 
converting  incoming  grains  and  other  products  into  the  form  and  size 
desired  in  the  finished  feed,  adding  other  ingredients  and  mixing  them 
with  the  grains,  then  forming  a  finished  feed  in  the  shape  or  consistency 

desired  for  feeding. 
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The  basic  forms  of  finished  feed  are  mash,  pellets,  and  crumbles.  1  lie 
latter  are  pellets  which  have  been  formed  and  then  crushed  01  broken. 
Some  feeding  of  a  liquid  supplement  based  on  ethanol,  molasses,  and 
urea  is  being  done  on  a  limited  scale  in  ruminant  feeding  sections. 

The  first  step  in  feed  processing  and  production  is  unloading  the  in¬ 
coming  ingredients.  Grain  is  usually  received  at  the  feed  mill  by  truck, 
railroad,  or  boat.  In  some  rare  cases  horse-drawn  vehicles  still  bring  it 
in.  In  the  Great  Lakes  area,  water  transportation  is  popular  for  grain 
movement.  Barges  still  transport  grain  down  the  Mississippi  to  Gulf 
cities  and  around  to  Florida. 

Rail  transport  is  important  in  the  Plains  states  and  the  Middle  West 
and  to  some  extent  in  the  East.  Trucks  have  gained  rapidly  in  grain 
hauling  tonnage  in  recent  years  all  over  the  country.  This  has  been 
particularly  true  in  sections  where  rail  service  tended  to  be  slow  or 
expensive. 


Unloading  and  Conveying 


When  a  shipment  of  grain  is  received  at  the  feed  mill,  it  is  unloaded 
by  gravity,  by  air,  or  by  manual  means.  Drop-bottom  rail  cars  sometimes 
are  used.  Trucks  open  their  tail  gates,  are  tilted,  and  drop  their  cargo 
into  underground  pits.  Boats  often  are  unloaded  by  air,  either  with  a 
vacuum  or  a  positive-air  system.  Shovels  wielded  by  hand  still  are  some¬ 
times  used  in  rail  car  and  truck  unloading  and  to  clean  out  corners  of 
compartments  in  all  types  of  carriers. 


Practically  all  feed  mills  depend  on  the  gravity  system  for  moving  their 
ingredients  through  the  actual  processing  operation.  But  first  the  grain 
must  be  elevated  so  that  gravity  may  carry  it  through  the  processing 
machinery. 

Conveyors  to  move  the  grain  include  screw-type  units,  sometimes  made 
of  stainless  steel;  belt  conveyors;  drag  conveyors,  which  utilize  single  or 
double  chains  to  haul  grain  along  a  stainless  steel  chute;  air  units,  which 

carry  gram  along  on  a  jet-like  stream  of  forced  air  into  which  the  grain 
is  introduced.  h 

The  most  widely  used  type  of  materials  handling  elevator  is  the  con¬ 
tinuous  belt  on  which  are  mounted  metal  or  plastic  cups.  These  so-called 

bucket  elevators  will  convey  grain  upwards  hundreds  of  feet  if 
necessary. 


Storage  and  Drying 

Gym  is  stored  in  concrete  silos,  wooden  bins,  or  steel  tanks.  Efforts 
to  store  gram  out-of-doors  under  canvas  or  plastic  have  not  proved  very 
successful  because  of  the  danger  of  rain  and  bird  and  rodent  damage  * 
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Usually  moist  grain  is  not  accepted  by  the  feed  mill.  If  grain  of  high 
moisture  content  has  been  purchased,  it  will  be  dried  before  storing. 
Grain  driers  are  housed  in  separate  structures  adjacent  to  the  feed  mill 
buildings  and  remove  moisture  from  grain  by  heat-treating  it.  Gas  and 
oil-fired  burners  are  most  commonly  used.  An  occasional  feed  mill  will 
dehydrate  alfalfa  or  some  other  grass  adjacent  to  its  plant.  This  process 
of  dehydration  is  done  with  a  rotating  cylinder,  heated  to  several  hundred 
degrees  by  gas  or  oil  flames. 


Grinding 


The  hammer  mill  is  the  most  widely  used  grinding  device  (see  Fig.  98). 
The  grinding  chamber  consists  of  rows  of  loosely-mounted  “swing” 
hammers  or  plates  of  hardened  metal.  These  hammers  pulverize  the 
grain  by  striking  it  as  they  swing.  The  pulverized  material  is  forced  out 
of  the  mill  chamber  when  it  is  ground  finely  enough  to  pass  through  the 
perforations  in  the  screen  which  is  a  part  of  the  mill.  Several  sizes  of 
screen  openings  are  used,  depending  on  the  fineness  of  the  end  product 
desired.  Poultry  feeds,  for  example,  are  finely  ground;  ruminant  feeds 
are  coarser. 

The  attrition  mill  is  used  mainly  on  dairy  and  swine  feeds  where  a 
fine-texture  soft  product  is  desired.  Revolving  grinding  plates  pulverize 
the  grain.  Roller  mills  include  pairs  of  corrugated  metal  rolls,  one 
member  of  which  revolves  at  a  speed  two  or  three  times  that  of  other 
rolls.  Grain  is  forced  between  the  two  rolls  and  sheared  by  the  corruga¬ 
tions.  Stone  or  buhr  mills  are  obsolete  in  the  feed  business  and  exist  only 
in  a  few  places  where  a  former  flour  mill  turns  out  a  small  volume  of 


feed. 

In  continuous-production  lines,  automatic  feeders  measure  the  amount 
of  grain  to  be  fed  into  the  grinder  so  that  it  does  not  become  overloaded. 
These  feeders  often  measure  on  the  basis  of  volume,  although  some  com¬ 
mercial  types  weigh  the  grain  they  allow  to  pass  into  the  grinder. 

The  grinder  is  the  most  expensive  machine  in  the  mill  to  operate  from 
the  power  standpoint.  To  start  and  stop  a  hammer  mill  frequently  is 
expensive.  Thus  the  cost  per  ton  to  grind  is  less  in  the  bigger  continuous- 

In  small  mills  which  custom  mix  to  their  customers  specifications,  . 
power-measuring  machine  with  a  large  clock-like  face  is  sometimes  usee 
with  success.  The  mill  charges  a  certain  fee  per  kilowatt  of 
for  the  grinding  operation.  One  such  machine  ,s  the  Cnst-O  . 

manufactured  bv  Allied  Industries,  Inc.,  at  Waupaca,  Wisconsin. 

Successful  operation  of  a  grinding  unit  such  as  a  hammer  mill  requires 
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Courtesy  of  Prater  Pulverizer  Co. 

Fig.  98.  Hammer  Mill 

Basic  grain  processing  machine  is  the  hammer  mill,  which  drops  free-mounted  hard- 

metal  bars  against  the  grain. 

a  powered  fan  to  convey  away  the  ground  material  from  the  processing 
unit.  The  dusty  feed  mill  is  usually  an  inefficient  production  unit. 

Scalpers  and  Separators 

Cleaning  equipment  includes  scalpers  to  remove  coarse  materials  from 
the  feed  ingredients  before  they  reach  the  mixer.  Separators,  which 
perform  a  similar  function,  often  consist  of  reciprocating  sieves  which 
separate  grains  of  different  sizes  and  textures.  Some  mills  employ  these 
units  to  rough-grade  grain  as  to  quality  and  weight. 

Magnets  are  essential  in  the  feed  processing  line.  Most  mills  install 
them  ahead  of  the  grinders  and  at  other  critical  locations  in  the  mill 
system.  They  remove  tramp  iron,  bits  of  wire,  and  other  foreign  metallic 
matter  which  could  harm  the  machinery  and  contaminate  the  finished 
feed.  Roth  permanent  and  electric  magnets  are  used. 

Mixers 

The  basic  procedure  for  making  mash-type  feeds  is  to  measure  into 
one  end  or  the  top  of  the  mixing  cylinder  the  grain  which  has  been  previ- 
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Courtesy  of  Prater  Pulverizer  Co. 

Fig.  99.  Feed  Mixer 

Most  important  feed  processing  unit  is  the  mixer,  which 
combines  the  ground  grains  with  vitamins,  antibiotics, 
drugs,  and  any  other  additives  which  go  to  make  up  the 

complete  ration. 


ously  ground  and  add  to  it  the  vitamin  concentrates,  protein  sources 
drugs  and  other  ingredients.  Tire  paddles  ribbons  or  screws  mside  tl 
cylinder  then  are  operated  for  the  established  cycle  necessary  to  Hen 
the  various  ingredients  properly.  The  finished  product  is  drawn  off 
the  end  opposite  the  loading  entry. 
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In  batch  mixing,  the  mixer  can  be  turned  off  once  the  cycle  is  com¬ 
pleted.  Batch  mixers  usually  are  vertical  cylinders  loaded  at  the  top. 
In  continuous  production,  a  proportioned  amount  of  ingredients  enters 
one  end  and  a  comparable  portion  of  finished  feed  emerges  from  the 

other  end. 

In  the  smaller  plant,  the  vertical  mixer  is  most  popular.  These  units 
range  in  capacity  from  500  lbs.  to  a  full  five  tons.  These  figures  are 
somewhat  misleading  because  a  ton  of  fine  scratch  feed  can  lx*  mixt  d 
properly  in  a  unit  with  only  50  cubic  feet  of  capacity,  while  a  ton  of 
bulkier  dairy  feed  would  require  100  or  more  cubic  feet. 

The  horizontal  mixer  is  ideal  for  the  larger  feed  mill  which  is  in  con¬ 
tinuous  production.  An  integral  part  of  the  continuous-production  system 
is  the  percentage  feeder,  which  measures  the  proportioned  amounts  of 
various  ingredients  going  into  the  mixer.  Some  types  measure  by  volume, 
others  by  weight.  The  latter  appear  to  be  more  widely  accepted. 

A  dry  mash  feed  is  ready  for  packaging  in  most  cases  after  passing 
through  the  mixer.  Other  forms  and  types  of  rations  require  additional 
processing. 

Molasses  long  has  been  a  popular  feed  ingredient.  It  is  somewhat  hard 
to  handle  and  to  be  added  to  dry  feed  must  first  be  heated  to  a  thinner 
consistency.  This  is  done  with  a  separate  mixing  unit,  incorporating  the 
heater.  Dry  feed  and  molasses  are  mixed  in  this  unit.  The  mill  making 
molasses  feed  should  be  able  to  store  at  least  a  railroad  car  of  liquid 
molasses. 

Fat  blenders  are  a  development  of  the  middle  1950’s.  Since  nutrition¬ 
ists  have  proved  that  added  animal  fat  ups  the  rate  of  gain  in  poultry, 
manufacturers  have  begun  adding  extra  fat  to  many  formulas.  Up  to 
ten  pci  cent  fat  is  used  in  many  poultry  feeds.  Fat  is  heated  to  a  tem¬ 
perature  above  its  melting  point,  perhaps  as  high  as  170°F.,  and  blended 
with  the  dry  feed  in  a  separate  mixing  chamber. 


Pelleting 

Pelleted-type  feed  is  considered  essential  in  feeding  poultry,  calves, 
rabbits,  dogs,  and  fur-bearing  animals.  A  major  advantage  claimed  for 
pellets  is  that  the  animal  or  bird  to  which  they  are  fed  cannot  separate 
t  e  components  of  the  ration  to  select  those  portions  whose  Havors  it 

prefers.  Instead,  it  must  consume  the  entire  portion  of  balanced  feed 
in  order  to  get  the  parts  it  prefers. 

Pellets  are  made  from  feed  which  has  been  ground  and  mixed  previ- 
usly  into  mash  form.  If  molasses  or  animal  fat  is  to  be  added  these 
lquids  are  added  to  the  dry  mash  just  before  it  is  to  be  pelleted  A 
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binding  agent  such  as  sodium  bentonite  aids  in  forming  the  pellets.  Live 
steam  is  added  to  the  dry  material  as  it  enters  the  openings  in  the  circular 
dies  which  are  the  heart  of  the  pellet  mill.  Water  and  heat  in  combina¬ 
tion  replace  live  steam  in  some  pelleting  processes.  Dairy  pellets  fre¬ 
quently  are  “soft"  because  of  their  high  molasses  content. 

After  the  pellets  are  formed  and  compressed,  they  are  released  from 
the  dies  into  a  conditioning  unit.  This  often  consists  of  a  vertical  or 
horizontal  cooler  which  hardens  the  pellets.  The  feed  then  passes  over 
a  series  of  vibrating  screens.  Broken  pellets  and  fines  are  separated  from 
the  perfect  pellets  and  are  recirculated  into  the  mixing  chambers  to  be 
reused.  A  cooling  unit  reduces  the  temperature  of  the  pellets  quickly 
and  they  are  ready  for  packing  or  storage. 

Pellet  Reduction 

Some  animal  feeds  in  pellet  form  are  designed  to  be  fed  just  as  they 
come  from  the  pellet  mill.  Others  have  to  be  reduced  in  size.  The 
latter  process  is  best  known  as  “crumblizing.”  Actually,  all  it  does  is  to 
break  or  cut  the  pellets  to  a  smaller  size. 

Granulated  feeds— the  result  of  breaking  pellets— are  especially  popular 
for  young  chicks,  which  can  consume  granules  easier  and  more  effectively 
than  pellets.  Baby  chick  size  pellets  cannot  be  made  on  a  commercial 
basis  because  of  their  small  size.  This  size  encourages  breakage  and 
excess  wear  and  tear  on  pellet  mill  dies,  which  would  produce  consider- 
ably  less  tonnage  of  the  small  pellets  than  they  would  of,  for  example, 
steer  pellets.  Yet  the  cost  per  hour  of  production  would  be  identical. 


Packaging 

After  the  mash  or  pellet-type  feeds  are  manufactured,  they  often  pass 
over  sifters  before  they  are  packaged  or  stored.  These  simple  devices 
remove  any  extraneous  matter,  such  as  paper  or  string,  which  may  have 

gotten  into  the  finished  feed.  . 

As  is  the  case  with  most  consumer  products,  the  package  in  which  feet 

is  sold  is  determined  by  the  preferences  of  the  buyers.  This  varies  hy 
geographical  area,  size  of  farming  operation,  type  of  livestock  or  poultry 

raised,  and  general  economic  conditions. 

In  the  late  1950’s,  the  large  commercial  livestock  producer  is  buy  g 
bulk  feed  on  an  ever-increasing  scale.  This  product  is  delivered  to  hurt 
by  tank  or  box  truck  body  and  blown  directly  into  Ins  own  feed  storage 
tanks.  The  average  bulk  tank  truck  has  room  for  12  tons  of  feed Jo 
tons  each  in  three  compartments.  The  most  popular  farm  b u  k  s toiag 
tank  holds  approximately  the  contents  of  one  of  these  compartments. 
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Multiwall  paper  sacks  are  gaining  top  popularity  in  feed  packages. 
The  50-lb.  paper  bag  of  feed  is  available  almost  everywhere.  Iwenty- 
five  and  80-lb.  paper  sacks  also  are  used  in  some  areas.  Burlap  sacks 
are  popular  especially  in  dairy  and  cattle  feeding  sections.  They  can  be 
cleaned  and  reused  and  save  packaging  costs.  Burlap  sacks  are  usually 


Fig.  100.  Truck  for  Bulk  Delivery  of  Feed 


Large  volume  users  of  mixed  feeds  usually  buy  their  requirements  in  bulk. 

of  the  100-lb.  size.  Cotton  bags  are  especially  popular  for  poultry 
feeds.  Sizes  from  25  to  100  lbs.  are  used.  Dressprint  sacks,  which  com¬ 
mand  a  premium  of  about  40  cents  over  other  cloth  bags,  are  waning  in 
popularity  because  of  this  assessment. 

Metal  pails  are  used  for  calf  food  and  some  other  specialties  The 
25-lb.  size  is  used. 


FEED  CONSTITUENTS 

Grains  and  cereal  by-products  are  the  bases  of  practically  all  complete 
eeds.  What  follows  is  a  commodity  by  commodity  description  of  the 

basic  products  and  by-products  as  used  in  modern  mixed  rations  for 
livestock  and  poultry. 


Corn 

The  oldest  type  of  dry  feed  still  fed  is  based  on  corn.  It  is  what  is 
known  m  the  industry  and  to  the  farmer  as  poultry  “scratch”  and  is  made 
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up  of  cracked  corn,  cracked  wheat,  cracked  milo,  steel-cut  oat  groats, 
and  other  ingredients. 

As  science  demonstrated  the  superiority  of  all-mash  feeding  of  young 
chicks,  fine  scratch  feeds  declined  in  popularity.  But  since  1955  there 
has  been  renewed  interest  in  feeding  a  hard,  finely-ground  grain  ration 
for  the  first  48  hours  of  the  chick’s  life. 

Here  are  some  of  the  most  popular  forms  of  corn  and  its  by-products 
used  in  feeds: 


( 1 )  Meal— finely-ground,  unbolted  corn. 

(2)  Cracked— which  is  also  known  as  chop  or  ground,  is  ground,  cut, 
or  chopped  kernels. 

(3)  Screened  cracked— same  as  cracked  but  with  the  fine  portions 
screened  out. 

(4)  Feed  meal— the  fine  portions  referred  to  above. 

( 5 )  Ground  ear— the  entire  ear  except  husk  ground  or  cut. 

(6)  Ground  ear  including  husk. 

(7)  Dehydrated  plant— a  new  product  consisting  of  the  entire  im¬ 
mature  plant  artificially  dried  and  ground. 

(8)  Flaked— used  primarily  in  pet  foods,  it  is  the  cracked  product  run 
over  flaking  rolls,  then  dried  and  cooled. 

(9)  Toasted  flakes— similar  to  the  human  breakfast  product  except  they 
have  no  added  sweetening  or  flavoring. 

(10)  Kibbled— steam-cooked  cracked  product  expelled  or  extruded. 

(11)  Cobs— ground  and  including  the  ring  cellulose. 

(12)  Hominy  feed— mixture  of  bran,  germ,  and  part  of  the  starchy 
portion  including  not  less  than  five  per  cent  crude  fat. 

( 13)  Bran— outer  covering  of  the  kernel  with  little  or  no  germ  or  starch. 

(14)  Germ  cake— germ  from  which  part  of  the  oil  has  been  pressed, 
with  no  other  parts  of  the  kernel. 

( 15)  Genu  meal-the  cake,  ground. 

(16)  Gluten  feed— residue  of  shelled  product  after  most  of  the  starch, 
gluten,  and  germ  have  been  removed  by  wet  milling. 

(17)  Oil  cake  and  flakes— germ  from  which  most  of  the  oil  has  been 

removed  by  extraction. 

(18)  Oil  meal-same  as  above,  ground. 

(19)  Sugar  molasses— often  called  hydrol,  it  contains  43  per  cent  or 


more  dextrose. 

(20)  Dried  syrup— spray  or  roll-dried  regular  conversion 


syrup  with 


not  less  than  42  per  cent  dextrose. 

(21)  Maltose  processed-dried  residue  of  ground  product 

is  removed  in  making  malt. 


after  starch 
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(22)  Maltose  processed  gluten  feed— dried  residue  from  degermed 
product  after  starch  has  been  removed  in  making  malt  syrup. 

(23)  Sweetened  gluten— gluten  feed  combined  with  molasses  or  cane 

molasses. 

(24)  Distillers  dried  grains— dried  portion  of  whole  stillage  retained 
by  screens. 

(25)  Distillers  dried  solubles— condensed  and  dried  screen  stillage. 

(26)  Dried  grains  and  solubles— a  combination  of  above. 

Summary  of  Corn  Products— Indian  corn  or  maize  is  the  most  im¬ 
portant  feed  grain  in  the  United  States.  In  recent  years,  over 
3,000,000,000  bushels  have  been  produced  annually;  almost  all  of  this  is 
used  directly  for  feeding. 


Oats 


Oats  long  have  been  popular  feeding  materials.  They  supply  an  aver¬ 
age  of  12  per  cent  protein  and  4l/‘j  per  cent  fat,  with  about  11  per  cent 
fiber. 


Here  are  the  principal  oat  products  used  in  feeds: 

( 1 )  Pulverized— ground  on  hammer  mill  using  fine  screen. 

(2)  Ground— whole  product  ground  fine  or  more  coarsely  on  any  type 


mill. 


(3)  Crimped— whole  product  lightly  crushed  or  crushed  flat;  when 
flattened,  it  is  usually  after  they  have  been  steamed  to  avoid  an  excess 
of  fine  materials. 


(4)  Hulled— kernels  produced  from  undried  grain  in  the  hulling 
process. 

(5)  Groats— kernels  produced  from  cleaned  and  dried  product  in 
making  meal. 

(6)  Meal— rolled  groats  or  product  containing  not  more  than  four  per 
cent  crude  fiber. 

(7)  Hulls. 


(8)  Middlings— floury  portion  obtained  in  milling  rolled  product. 

(9)  Shorts— covering  of  the  grain  which  lies  immediately  inside  the 
null  and  is  fuzzy  in  texture. 

tije10)  MiU  by-product-hulIs  and  groat  particles  from  groat  manufac- 


Rye 


Although  little  rye  is  used  in  mixed  feeds,  these 
are  included: 


products 


sometimes 
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( 1)  Bran— coarse  outer  covering  of  kernels. 

( 2 )  Feed— mainly  mill-run  of  the  outer  covering  of  the  kernel  and  germ 
with  small  parts  of  flour  and  aleurone. 

(3)  Red  dog— aleurone  with  small  portions  of  flour  and  bran. 

(4)  Low-grade  feed  flour— flour  and  small  quantities  of  bran  and 
aleurone. 

(5)  Middlings— feed  and  red  dog  combined. 

(6)  Flour  middlings— feed,  red  dog,  and  flour  combined. 

Linseed 

Although  linseed  is  not  a  cereal,  it  is  desirable  to  consider  it  in  this 
section  because  it  is  handled  like  the  cereals  in  feed  processing. 

The  residual  meals  from  linseed  oil  extraction  long  have  been  used  for 
cattle  and  swine  feeding.  Some  farmers  feel  that  linseed  meal  puts  a 
final  “bloom"  or  finish  on  beef  cattle  which  no  other  feed  ingredient  can 
do.  This  has  not  been  explained,  but  it  appears  to  be  true. 

These  are  the  linseed  and  flax  products  which  are  fed: 

(1)  Oil  cake— product  obtained  by  removing  most  of  the  oil  from  flax¬ 
seed  by  extraction;  the  type  of  process  must  be  specified— hydraulic, 
expeller,  or  solvent. 

( 2 )  Oil  meal— finely-ground  cake  or  flakes. 

(3)  Pellets. 

(4)  Flaxseed  screenings  oil  feed— ground  imperfect  smaller  flaxseed, 
weed  seeds,  and  other  foreign  matter  separated  in  cleaning  flaxseed. 

(5)  Feed-product  consisting  of  one  or  more  oil  meals  mixed  with  flax¬ 
seed  screenings  oil  feed. 

(6)  Flax  plant  product— leaves,  corticle  tissues,  bolls,  and  broken  and 
immature  seeds  which  remain  after  harvesting  seed  and  separating  hast 
fibers  and  shives. 


Wheat 

When  wheat  is  cheaper  than  corn,  on  a  pound  for  pound  basis,  it  is 
ground  and  used  in  feeds  of  many  kinds.  It  is,  of  course,  a  valuable  feed 
from  the  nutritional  standpoint.  These  wheat  products  are  common  > 

fed: 

( 1 )  Bran-coarse  outer  covering  of  the  kernel. 

(2)  Middlings— fine  particles  of  bran,  germ,  and  flour  plus  some  o  a 

as  milling  by-products;  maximum  fiber  9.5  per  cent.  . 

(3)  Brown  shorts-similar  to  middlings  but  fiber  maximum  is  7.5  pe. 

Ce'(4)  Gray  shorts-similar  to  middlings  but  fiber  maximum  is  six  per  cent. 
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(5)  Red  dog— offal  plus  some  particles  of  bran,  germ,  and  flour,  with 
fiber  top  of  four  per  cent. 

(6)  Feed  flour— flour  with  fine  particles  of  bran,  germ,  and  offal;  fiber 
limit  1.5  per  cent. 

(7)  Mixed  feed— coarse  outer  covering  of  kernel  plus  offal  and  fine 
particles  of  bran,  germ,  and  flour. 

(8)  Germ  meal— mainly  used  in  dog  and  fur  animal  feeds,  it  is  germ 
plus  some  bran  and  middlings  or  shorts. 

(9)  Germ  oil  cake— product  resulting  from  removing  oil  from  germ 
meal. 

(10)  Germ  oil  meal— above,  ground. 

(11)  Flakes— product  resulting  from  cooking,  adding  sugar  and  salt, 
and  flaking  and  toasting  whole  product. 


Rice 

Rice  milling  by-products  are  used  in  poultry  feeds  and  in  other  rations. 
They  include: 

(1)  Meal— ground  product  with  hull  removed. 

(2)  Ground  rough— includes  hulls. 

(3)  Bran— pericarp  of  product. 

(4)  Huller  bran— mostly  bran  and  germ. 

(5)  Stone  bran— siftings  from  materials  resulting  from  removal  of  hulls; 
includes  germs,  hulls,  broken  product. 

(6)  Mill  by-product— offal  of  product  milling. 

(7)  Polishings— by-product  of  polishing  kernels. 


Barley 

On  the  west  coast,  in  particular,  barley  is  in  ample  supply  and  often  is 
used  as  the  basic  grain  in  feeds.  It  may  be  used  in  any  economic  amount 
Barley  products  which  go  into  feeds  are: 

(1)  Ground  whole-entire  product  with  no  more  than  six  per  cent 
fiber  or  ten  per  cent  weed  seeds  or  other  grains. 

(l)  Mixed  feed— offal  from  milling  flour  from  clean  grain. 

(3)  Feed— by-product  of  manufacture  of  pearl  product  from  clean 
product. 

(4)  Hulls— outer  coverings. 

Jf!  ?ied,rU  SPr0UtS-in  WideSt  use’  t,,cy  are  a  brewery  by-product 
and  contain  26  per  cent  protein. 

(  6)  Brewers  dried  grains-dried  extracted  residue  of  product  malt 
wort  mZfartuT*  W“h  °ther  Cereal  grainS  °r  Pr°duCtS  reslllti'’g 
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Grain  Sorghums 

The  sorghum  grains-including  milo,  kafir,  and  feterita-are  gaining  in 
importance  every  year  as  feed  ingredients.  In  years  past,  there  was  little 
use  of  these  products  except  in  scratch  feed.  Now  starch  is  being  pro¬ 
duced  from  sorghums  and  the  resulting  by-products  are  being  fed.  Here 
are  some  of  the  grain  sorghum  products  used  in  feeds: 

(1)  Chop— entire  product  of  the  ground  grain. 

(2)  Head  chop— entire  head,  including  grain  and  stems. 

(3)  Head  stems— stems  with  grain  removed. 

(4)  Mill  feed— mixture  of  bran,  germ,  and  part  of  the  starchy  portion 
of  the  grain. 

(5)  Feed  meal— fine  siftings  from  rolled  or  flaked  processing  of  the 
product. 

(6)  Rolled— whole  product  run  over  smooth  flaking  rolls  and  then 
cooled  and  dried. 

(7)  Gluten  feed— remaining  product  after  most  of  the  starch  and  germ 
have  been  removed  in  wet  milling. 

( 8 )  Gluten  meal— remaining  product  after  most  of  the  starch  and  germ 
have  been  removed  and  the  bran  separated  in  wet  milling. 

(9)  Oil  cake— germ  from  which  part  of  the  oil  has  been  pressed  in  wet 
milling. 

(10)  Grits— flinty  portions  with  little  or  no  bran  or  germ. 


Special  Products 


Practically  every  cereal  grain  has  been  fed  at  one  time  or  another  in 
some  type  of  livestock  or  poultry  feed  mixture.  The  amounts  have  varied 
and  also  the  purposes  for  which  the  grains  were  used.  The  preceding 
descriptions  of  grain  products  and  by-products  used  in  modern-day  feed 
manufacturing  is  intended  to  cover  those  grains  in  most  general  use. 

Dried  cereal  grasses  are  now  being  fed  on  an  experimental  basis,  al¬ 
though  their  commercial  use  has  not  been  established.  These  include 
early-cut  wheat,  oats,  and  rye  which  have  been  grown  on  fertilizer-en¬ 
riched  soil.  The  young  plants  are  dehydrated  at  once-often  right  in  the 


field—to  protect  their  nutritive  values. 

Crumbs  from  breakfast  food  manufacturing  production  lines  are  used 
in  fur  animal  feeds.  These  are  tiny  portions  of  wheat  and  corn  flakes. 
Flaked  cereals  are  also  made  as  primary  products.  These  are  base  on 
corn,  wheat,  barley,  and  other  grains  and  are  designed  for  use  in  c  g 

foods  and  fur  feeds. 
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WHICH  INGREDIENTS  TO  USE 

The  feed  formulator  usually  can  choose  from  several  grains  to  fill  a 
certain  requirement  in  the  mixture  he  is  composing.  He  should,  how¬ 
ever,  consider  not  only  the  economic  advantages  to  his  company  of  using 
one  ingredient  rather  than  another,  but  primarily  what  the  ingredient  will 
contribute  to  the  finished  product  in  terms  of  the  production  of  either 
meat,  milk,  or  eggs  hy  the  animal  unit  to  which  it  is  fed. 

Deyoe  and  Krider  (1952)  point  out  that  a  good  ration  is  adapted  to 
the  age  and  individuality  of  the  animal,  and  to  the  purpose  for  which  it 
is  being  fed,  it  includes  a  variety  of  ingredients,  and  is  palatable  and 
safe.  Furthermore,  it  should  be  economical  and  not  produce  an  inferior 
end  product. 


DUALITY  OF  INGREDIENTS 


Importance  of  Quality 

A  feed  will  stand  up  in  competition  only  so  long  as  it  gives  the  farmer 
the  performance  he  feels  he  has  a  right  to  expect  of  it,  in  terms  of  eco¬ 
nomic  return. 

Many  farmers  still  try  to  buy  cheap  and  then  to  doctor  up  the  grain 
mixture  into  a  balanced  ration.  This  is  folly,  points  out  Titus  (1955). 
He  stresses: 

Wheat,  corn,  barley,  oats,  rye,  and  the  grain  sorghums,  when  shipped 
in  interstate  commerce,  must  be  inspected  and  graded  according  to  the 
official  grain  standards  of  the  United  States.  In  buying  grain  for  the 
feeding  of  chickens,  poultrymen  and  feed  manufacturers  should  take  ad¬ 
vantage  of  this  fact  and  buy  according  to  grade.  It  is  not  sufficient  to 
ask  for  just  corn,  oats,  or  any  other  grain  for  which  standards  have  been 

established;  the  grade  should  be  specified  in  order  to  obtain  the  quality 
desired.” 

Two  prominent  poultry  scientists,  Marsden  and  Martin  (1955)  make 
a  similar  point: 


The  best  tonic  is  a  well-balanced  diet.  Monev  spent  for  tonics  would  i« 
bettc,-  spent  providing  a  complete  diet.  Most  condiments  are  of  theThotg™- 
t.pe,  they  Have  small  amounts  of  many  different  minerals  and  other  nutrients 
1  heir  apparent  success  in  some  cases  may  be  due  to  the  fact  hat  tl'  ™. 
essenhal  element  lacking  in  the  diet  was  provided  in  the  tonic  However  this 
cthod  of  approach  is  unscientific,  expensive,  and  unsatisfactory.”  ’  ' 

Swine  authorities  Deyoe  and  Krider  (1952)  recommend  quality  grains 
and  other  components  of  hog  feeds  for  best  results.  Hogs  they  say  “are 
Often  called  mortgage  lifters  because  they  provide  a  expendable  and 
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iegular  source  of  income  to  a  large  number  of  farmers.”  But  they  note 
that  the  hogs  won’t  lift  mortgages  unless  they  are  fed  properly. 


REGULATION  OF  THE  FEED  INDUSTRY 

The  manufactured  feed  industry  is  supervised  by  state  governmental 
agencies.  Each  state  designates  a  “feed  control  official,”  although  fre¬ 
quently  he  does  not  use  that  title.  He  may  be  the  state  chemist  or  simply 
an  untitled  staff  member  of  the  state  department  of  agriculture. 

It  is  his  responsibility  to  insure  that  the  mixed  feeds  which  are  sold 
in  his  state  conform  to  the  legal  minima  and  maxima  for  fat,  fiber,  and 
protein  and  also  that  they  live  up  to  the  claims  printed  on  the  tag  which 
is  affixed  to  each  sack  or  delivered  with  each  bulk  order  (see  Fig.  101). 

Many  years  ago,  the  feed  control  officials  of  the  various  states  began 
to  meet  together  to  talk  over  their  common  problems.  Out  of  these 
gatherings  came  the  Association  of  American  Feed  Control  Officials,  an 
organization  of  the  representatives  of  the  various  states  who  work  to¬ 
gether  in  the  interests  of  standardizing  regulations  in  the  various  states 
and  in  establishing  clearly-worded  definitions  which  explain  in  as  simple 
terms  as  possible  what  is  meant  by,  for  example,  “cracked  corn.’  Ac¬ 
cording  to  the  Association  (Bopst  1957),  the  1958  definition  of  this 
product  is: 


“Corn  chop,  ground  corn,  or  cracked  corn  is  the  entire  product  made  by 
grinding,  cutting,  or  chopping  the  grains  of  sound  Indian  corn,  and  may  be  fine, 
medium,  or  coarse.  It  must  contain  not  more  than  four  per  cent  of  foreign 
material.” 


This  definition  has  stood  since  1931,  but  a  committee  reviews  it  and 
several  hundred  other  definitions  every  year  to  make  certain  it  is  still 
accurate.  Today  the  feed  control  official  must  also  analyze  and  describe 
drugs,  antibiotics,  hormones,  and  other  products  which  go  into  feeds. 
Then  he  can  relax  and  check  the  grain  content,  a  comparatively  simple 

tcislc 

C  Violation  of  proper  labeling  of  feeds  or  failure  to  live  up  to  label 
guarantees  is  punishable  by  heavy  fines  in  all  states.  But  serious  viola¬ 
tions  are  few  and  far  between  and  most  offenses  are  minor  and  uninten¬ 
tional. 

F.  D.  Brock  of  the  State  of  Texas  wrote  in  1957: 


“Regulation  by  consent  is  nowhere  better  exemplified  m  the  annals  of  law 
enforcement  than  by  the  cordial  relationship  existing  between  control  officiate 
and  feed  manufacturers.  This  situation  was  the  result  of  contmued  effort  to 

that  end  by  the  founders  of  the  Association  of  American  Feed  Co'itro 
and  forward-thinking  members  of  the  feed  manufacturing  mdustij. 
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100  LBS.  NET  WEIGHT 

BLUE  BIRD 

CHICK  STARTER 

MEDICATED 

For  prevention  of  coccidiosis. 
Feed  continuously  as  the  only 
ration. 

Active  Drug  Ingredient(s) 

Nitrophenide  . .  0.0125% 


Guaranteed  Analysis 

Crude  Protein,  not  less  than  20% 

Crude  Fat,  not  less  than  4% 

Crude  Fiber,  not  more  than  3% 

Nitrogen  Free  Extract,  not  less 

than  55% 


INGREDIENTS 

Corn  Gluten  Meal,  Ground  Yellow  Corn, 
Dehulled  Soybean  Oil  Meal,  Fish  Meal, 
Condensed  Fish  Solubles,  Soybean  Leci¬ 
thin,  Vitamin  B-12  and  Antibiotic  Feed 
Supplement,  Vitamin  A  Feeding  Oil, 
Calcium  Pantothenate,  Niacin,  Choline 
Chloride,  Menadione,  Riboflavin  Supple¬ 
ment,  D-activated  Animal  Sterol,  Butyl- 
ated  Hydroxy  Toluene  (BHT)  (a  pre¬ 
servative),  Animal  Fat  (preserved  with 
propylene  glycol,  butylated  hydroxyani- 
sole,  propyl  gallate  and  citric  acid). 
Limestone,  Defluorinated  Phosphate. 
Salt,  Potassium  Iodide,  Iron  Oxide. 

Manufactured  by 

BLUE  BIRD  FEED  MILLS 

Robin,  Indiana 

Feeding  Directions  on  Reverse  Side 


I'ig.  101.  Type  of  Label  Required 
by  Feed  Control  Laws 


Laws  vary  slightly  from  state  to  state. 
Almost  all  require  that  a  tag  be  affixed 
to  each  bag  of  feed  or  submitted  to 
the  farmer  with  each  bulk  delivery. 
This  is  a  typical  feed  tag,  showing  the 
grains  in  the  mixture  as  well  as  other 
ingredients. 


424 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


Taking  Samples 

The  Association  of  Official  Agricultural  Chemists  (Anon.  1958)  uses 
this  as  its  official  procedure  for  drawing  off  samples  of  commercial  feeds 
for  inspection: 

Use  slotted  single  or  double  tube  and  rod,  all  with  pointed  ends. 

Take  at  least  1  lb.  sample,  2  lb.  preferred,  as  follows:  Lay  bag  horizontally 
and  remove  core  diagonally  from  end  to  end.  Determine  number  of  cores  as 
follows:  From  lots  of  1-10  bags,  sample  all  bags;  from  lots  of  11-20  bags, 
sample  10  bags;  from  lots  of  21-40  bags,  sample  15  bags;  from  lots  of  41  or  more 
bags,  sample  20  bags.  Take  1  core  from  each  bag  sampled,  except  that  for  lots 
of  1-4  bags  take  enough  diagonal  cores  from  each  bag  to  total  at  least  5  cores. 
For  bulk  feed  draw  at  least  20  cores  from  different  regions;  in  sampling  small 
containers  (10  lbs.  or  less)  1  package  is  sufficient.  Reduce  composite  sample  to 
quantity  required,  preferably  by  riffling,  or  by  mixing  thoroughly  on  clean  oil¬ 
cloth  or  paper  and  quartering.  Place  sample  in  air-tight  container. 

Grind  sample  to  pass  through  sieve  with  circular  openings  V25  in.  (1  mm) 
in  diameter  and  mix  thoroughly.  If  sample  cannot  be  ground,  reduce  to  as 
fine  a  condition  as  possible. 


PET  FOODS 

9 

Although  to  the  layman  observer  it  might  seem  as  if  canned  dog  and 
cat  foods  have  just  about  wiped  out  dry  rations,  such  is  far  from  the  case. 
Instead,  the  sales  volume  of  dry  pet  foods  increased  60  per  cent  from 
1952  to  1957,  according  to  the  federal  Census  Bureau.  During  the  same 
period,  the  consumption  of  canned  dog  and  cat  foods  rose  by  some  40 
per  cent. 

Dry  pet  food  consumption  in  1957  totaled  better  than  718,000  tons. 
Practically  all  kinds  of  cereals  go  into  pet  foods.  Here  are  some  of  the 
ingredients  of  leading  pet  foods  on  the  market  today: 

(1)  corn  gluten  meal;  (2)  cooked  corn  grits;  (3)  soybean  meal;  (4) 
alfalfa  meal;  (5)  brewers  grains;  (6)  distillers  grains  and  solubles;  and 
(7)  wheat  germ  oil. 

Dog  foods,  of  course,  are  the  biggest  sellers  in  the  pet  ration  category. 
They  account  for  nearly  80  per  cent  of  all  pet  food  sales.  Ranking  second 
are  cat  foods,  at  about  eight  per  cent  of  the  total.  Bird  food  counts  for 
another  five  per  cent.  Aquarium  supplies  make  up  most  of  the  remain¬ 
ing  seven  per  cent  of  total  pet  food  sales. 


Forms  of  the  Product 

Dry  cereal-type  dog  and  cat  foods  are  marketed  in  several  forms. 

Working  dogs— including  farm  dogs— are  most  likely  to  >e  e<  " 

pelleted,  or  crumblized  food.  „.i.r.,st 

Ribbon-type  dog  food  has  been  marketed  successfully  by  a  breaklast 
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cereal  manufacturer  for  many  years.  Some  manufacturers  pioduce  a 
coarse  mash  designed  for  wet-feeding  to  dogs.  4  his  product  is  mixed 
with  water,  milk,  or  gravy  to  enhance  its  palatability  to  the  animal. 

A  high-priced  dry  pet  food  may  be  marketed  as  a  treat  or  candy 
to  reward  dogs  and  cats  for  good  behavior  or  good  performance.  This 
usually  is  an  identical  product  to  the  less  expensive  pellets  or  cubes,  but 
may  offer  a  variety  of  colored  pieces,  sometimes  of  different  shapes,  in  a 
small  package,  usually  about  six  ounces,  selling  for  from  19  to  39  cents. 

A  tremendous  market  success  has  been  scored  by  a  St.  Louis  dog  food 
manufacturer  with  a  new  form  of  dog  food.  This  product  is  marketed 
in  an  irregular-shaped  piece  and  is  specially  flavored.  Both  pet  and 
working  dogs  took  to  the  new  product  on  its  inception  and  the  company 
is  guarding  its  formula  and  production  method  zealously. 

No  Longer  By-Products.— In  the  early  days  of  the  pet  food  business,  dog 
and  cat  foods  were  thought  of  primarily  as  avenues  for  disposal  of  by¬ 
products  of  the  primary  activity  and  product  of  the  company.  Such  is  not 
the  case  todav. 

J 

Among  the  prominent  concerns  which  manufacture  dry  dog  food  as  a 
basic  product  are  these:  Carnation  Company,  Ralston  Purina  Company, 
General  Foods  Corporation,  and  Quaker  Oats  Company.  These  four 
fiims  spend  thousands  of  dollars  a  year  in  improving  the  formulation  and 
production  processes  for  their  dog  food.  Ralston  Purina  Company,  for 
example,  cariies  on  a  continuing  experimental  feeding  program  with 
dogs  at  its  research  farm  at  Gray  Summit,  Missouri. 

Consumer  Preferences 


For  many  years,  the  consumer  appeared  to  be  shifting  in  preference 
from  cereal  type  to  canned  dog  foods.  Ease  in  feeding  and  apparent 
popularity  with  the  dog  gave  added  impetus  to  canned  foods.  However, 
arm  dogs  traditionally  ate  table  scraps  plus  cereal-type  dog  food  pur¬ 
chased  along  with  farm  animal  feed  from  the  local  feed  mill.  The 
armers  preference  in  dog  food  continued  to  be  the  dry  product  in  big 
bags-sometimes  holding  100  lbs.  each,  if  he  had  three  or  four  dogs  \ 
declining  supply  of  horse  meat  plus  general  inflationary  trends  in' the 

tofaffrct  "r  pr  °f  d°«  d.y. 

As  a  result,  the  dry  food  makers  began  to  make  inroads  in  the  pet-don 
market,  thanks  to  improved  flavoring  of  their  products  and  to  more  effec 
h=mg  of  economy  and  balanced  diets  in  their  advertising 

-hey  use.  In  addition,  some  proclaim  thl^ey 

sources  of  chlorophyll  to  help  reduce  the  dog's  natural  ^0^  Idor  A  W 
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years  ago  the  producer  of  such  a  chlorophyll  product  used  a  herd  of  goats 
to  test-run  the  chlorophyll  product  he  ultimately  marketed  for  use  in  dog 
foods. 

Returned,  unsold  bakery  products  also  are  important  components  of 
some  brands  of  dog  food.  Popular  for  these  products  are  dry  bread,  cake, 
cookies,  and  stale  ice  cream  cones. 

All  dog  and  cat  foods  are  cooked,  usually  under  steam  pressure.  Dry 
dog  foods  are  packaged  most  commonly  in  two-and-one-half-pound  cartons 
for  grocery  and  supermarket  trade,  and  in  5-lb.,  10-lb.,  and  25-lb.  multi¬ 
wall  paper  bags  for  sale  through  feed  outlets,  sporting  goods  stores,  veteri¬ 
narians,  and  kennels. 


FUTURE  OF  GRAINS  IN  FEEDS 

Improved  formulas  for  manufactured  feeds  include  minute  quantities  of 
drugs  and  other  products  which  increase  the  feed  conversion  efficiency 
of  the  animal  or  bird.  This  enables  the  animal  unit  to  do  more  with 
every  pound  of  feed  it  eats. 

These  improvements  are  cutting  down  on  the  amount  of  grain  required 
per  animal  unit.  But  changes  in  eating  preferences  of  the  American 
public  towards  more  protein  foods  require  greater  production  of  meat, 
milk,  and  eggs.  Thus  the  total  requirement  for  grain  should  continue  to 
increase,  although  the  amount  consumed  by  each  animal  unit  declines. 

Cereal  is  a  well-established  base  of  the  mixed  feed  product.  It  should 
continue  to  perform  this  role  in  the  future. 
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CHAPTER  16 


Ernest  B.  Kester 


Rice  Processing 


INTRODUCTION 

The  belief  is  widespread  that  rice  is  of  major  importance  as  a  crop  only 
in  countries  where  its  consumption  is  high  and  where  it  is  the  basic  en¬ 
ergy  food  for  the  inhabitants.  Few  realize  that  in  a  list  of  84  domestic 
crops,  rice  ranks  13th  in  dollar  value.  Our  annual  production  of  rice  is 
from  2  to  2.5  million  tons.  The  total  represents,  however,  only  about  one 
per  cent  of  the  world  total,  and  we  eat  less  than  half  of  what  we  raise. 
Our  consumption  is  5  to  6  lbs  of  rice  per  person  a  year.  This  figure  seems 
small  in  comparison  with  the  200  to  500  lbs.  per  capita  consumed  in  some 
Asiatic  countries,  but  the  fact  that  it  remains  at  this  level  is  significant, 
when  we  consider  that  starchy  foods  in  our  daily  meals  are  on  the  decline. 
People  who  take  the  trouble  to  cook  rice  properly  like  it  exceedingly  well 
and  find  that  its  bland  pleasing  flavor  allows  it  to  blend  readily  with  meats, 
fish,  fruits,  vegetables,  and  dairy  products  into  tasty  dishes. 

Although  varieties  of  rice  grown  in  different  lands  number  into  the 
thousands,  the  United  States  raises  only  13  or  14  in  major  quantities. 
Long-grain  varieties  are  Rexoro,  Bluebonnet,  Sunbonnet,  Texas  Patna, 
Century  Patna,  and  Toro;  in  the  medium-grain  group  are  Zenith,  Mag¬ 
nolia,  Calrose,  Nato,  and  Arkrose;  the  common  short-grain  rices  are  Caloro 
and  Colusa.  One  short-grain  variety  is  a  special  type  of  rice  sometimes 
called  glutinous  or  waxy  rice.  It  is  raised  in  small  quantities  in  California 

and  is  consumed  for  the  most  part  as  a  ceremonial  food  by  first  generation 
Japanese. 

About  75  to  8(1  per  cent  of  the  domestic  rice  production  is  in  the  South, 
principally  in  Arkansas,  Louisiana,  Mississippi,  and  Texas,  and  to  a  lesser 
egree  in  Florida,  Missouri,  South  Carolina,  Tennessee,  and  Arizona;  the 
remainder  is  raised  almost  exclusively  in  California.  Soil  and  climatic 
conditions  of  the  South  are  favorable  to  growth  of  long-  and  medium- 
grain  rice  varieties  which  are  preferred  by  American  consumers.  The 
West  grows  mostly  short-grain  varieties  but  also  raises  Calrose  in  the 
medium-grain  group.  Attempts  to  grow  long-grain  rices  in  the  West  have 
not  been  successful.  Somewhat  more  than  half  of  the  domestic  rice  crop 


wTstem8  ‘"V“nS’  Field  Crops  Laboratory, 

Service,  U.  S.  Department  of  AKr“cult,!re.  P  D,Vlslon’  Agricultural  Research 
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Courtesy  of  FAO 


Fig.  102.  Structure  of  the  Rice  Kernel 

1.  Hull  (glume  and  palea);  2.  Epicarp;  3.  Mesocarp;  4.  Cross 

6.  Aleurone  layer;  7.  Starchy  endosperm;  8.  Embryo;  9.  Non-Howermg 

glumes;  10.  Apex  or  beard. 

and  about  85  to  90  per  cent  of  the  California  crop  is  sold  in  off-shore  nr 
Fig.  102  represents  a  grain  of  rice  as  it  exists  on  the  Pan^  |  j 
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pericarp  covering  the  endosperm.  In  a  depression  at  the  end  of  the  grain 
is  the  germ.  Underneath  the  bran  coating  is  a  layer  of  protein-rich  cells 
called  the  aleurone  layer. 

Rice  is  milled  to  remove  bran,  germ,  and  the  aleurone  layer.  The 
coarse,  outer  bran  coatings,  the  germ  and  small  bits  of  endosperm  consti¬ 
tute  the  rice  bran  of  commerce.  The  white  inner  bran  and  the  aleurone 
layers  are  removed  in  the  final  stages  of  milling  and  together  comprise  the 
fraction  known  as  rice  polish.  White  rice  is  the  final  product.  It  is  usu¬ 
ally  most  valuable  when  perfectly  white,  admixed  with  a  minimum  quan¬ 
tity  of  broken  kernels,  and  free  of  weed  seeds,  damaged  kernels,  and  other 
objectionable  material.  It  is  high  in  starch,  is  an  excellent  high-energy 
food,  but  is  low  in  those  life-  and  health-giving  elements  known  as  the 
vitamins. 

Rough  rice  yields  approximately  20  per  cent  of  hulls,  8  per  cent  of  bran, 
2  per  cent  of  polish,  and  70  per  cent  of  milled  rice.  Although  raw  white 
rice  is  the  commonest  form  of  rice  sold  and  used  by  many  consumers 
throughout  the  world,  various  practices  have  come  into  being  for  improv¬ 


ing  rice  as  a  convenience  item,  for  increasing  its  nutritional  value  and  for 
giving  it  improved  cooking  and  processing  characteristics.  In  subsequent 
parts  of  this  chapter  will  be  discussed  in  detail  the  milling  of  rice  and 
processes  for  parboiling,  enriching,  canning,  and  converting  it  into  quick¬ 
cooking  forms. 

The  vitreous  long-grain  rices  are  preferred  in  the  domestic  market  for 
cooking  and  processing  into  canned  formulations  such  as  soups.  The 
softer  short-grain  or  Pearl  types  are  sold  to  some  extent  for  home  use  but 
are  raised  mainly  to  supply  trade  requirements  in  off-shore  markets. 
They  are  used  exclusively  for  making  puffed  rice.  Both  types  may  be 
manufactured  into  other  dry  breakfast  cereals  and  both  are  used  in  par¬ 
boiling  operations  about  which  more  will  be  said  later.  The  short-grain 
varieties  are  not  so  easily  cooked  without  becoming  cohesive  as  are  the 
ong-grain  rices,  but  this  disadvantage  is  overcome  for  the  most  part  when 
precooked  rice  is  canned  or  made  into  dry  quick-cooking  rice  products 

”*  f  ST  f araeteristies  of  short-grain  rice  are  an  ad- 

.  tage.  For  example,  the  brewing  industry,  which  uses  broken  grades 

he  F  35  a  S°"rce  °f  ]carb°hydrates,  prefers  short-grain  types  because 
they  disperse  more  readily  in  the  kettles  ’ 

The  difference  in  behavior  of  long-and  short-grain  rices  appears  to  lie 

contain  as  much  as  23  to  25  per  cent  of  •.  -1  °  !  °  °ng'grain  nce  may 

rices,  amylose  may  be  14  per  cent  or  lower  Iwil’- W  iereas  in  short-grain 
so-called  glutinous  rice  contains  ^  ^ 
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Rao  et  al.  (1952)  determined  the  weight  of  water  imbibed  at  208°F. 
by  100  gm.  of  rice  (swelling  number)  of  different  varieties  and  found 
that  it  bore  a  direct  and  linear  relationship  to  the  per  cent  of  amylose  in 
the  samples. 


Table  81 


COMPOSITION  OF  RICE  AND  RICE  PRODUCTS1 


Brown 

Rice 

Rice 

Bran 

Rice 

Polish 

Milled 

Rice 

Parboiled 

Rice 

Carbohydrates,  per  cent2 

87.2 

46.6 

66.8 

91.5 

Protein,  per  cent2 

8.3 

14.6 

13.2 

7 . 6 

Fat,  per  cent2 

B-Vitamins,  jug./gm. 

2.0 

13.4 

10.7 

0.3 

2.57 

Thiamin 

4.2 

27.9 

23.9 

0.80 

Niacin 

47.2 

408.6 

384.7 

18.1 

39.8 

Pyridoxin 

10.3 

32.1 

30.8 

4.5 

Pantothenic  acid 

17.0 

71 .3 

92 . 5 

6 . 4 

O' 36 

Riboflavin 

0.53 

2.68,1  773 

1.34 

0 . 26 

1  Carbohydrate,  protein,  and  fat  figures  are  taken  or  calculated  irom  aaia  u.  i  Vice  Rice  bran 

mmmmrnmsmm 

“Converted  Rice”  (Kik  and  Van  Landingham  1943A). 

2  On  moisture-free  basis. 

2  First  and  second  break  brans,  respectively. 


Table  81  includes  representative  analyses  showing  the  composition  of 
rice  and  rice  products.  By  comparing  figures,  it  is  seen  how  rice  loses 
nutrients  when  it  is  milled  and  how  excessive  losses  of  these  substances 

can  be  prevented  by  parboiling.  .,  ,  . 

The  controlled  enrichment  of  white  rice,  which  is  described  in  another 
part  of  this  chapter,  consists  in  adding  nutrients  in  such  amounts  that  the 
final  product  is  about  the  equivalent  of  brown  rice  in  thiamin,  niacin,  ant 

’TricTbreeding  programs,  geneticists  now  consider  cooking  and^roc- 
essing  behavior  as  important  criteria  of  a  selections  suits  1 

c  fie  purposes.  Formerly,  rice  was  judged  solely  on  the  basis  of  its  fidd 
and  milling  characteristics.  When  Century  Patna  was  released  in  95  , 
it  proved  to  be  nontypical  of  long-grain  rices,  ancl '  ('q^RiceTasture 

as  other  long  grains  for  certain  types  of  U^ss,  |  Lahoratory  was  es- 
Experiment  Station,  Beaumont,  Texas  <  v  '  cific  chemical  and 

tablished  in  1956  for  the  purpose  of  performing  P  will 

physical  tests  which  collectively  Results  of 

tv  > — — 

for  release  or  further  development. 


RICE  PROCESSING 


431 


The  value  of  this  type  of  analysis  has  already  been  conclusively  dem¬ 
onstrated.  Tests  which  serve  to  differentiate  cooking  qualities  of  a  rice 
are  its  gelatinizing  and  pasting  characteristics  (Halick  and  Kelly  1959), 
its  water-absorbing  properties  at  different  temperatures,  (Halick  and 
Kelly  1959;  Batcher  et  al.  1956)  the  starch-iodine  blue  test  (Halick  and 
Keneaster  1958)  the  type  and  extent  of  disintegration  of  whole  kernels  in 
contact  with  dilute  alkali  (Little  et  al  1958)  and  the  amylose:amylopec- 
tin  ratio  (Williams  et  al  1958).  Batcher  et  al  (1958)  have  evaluated 
subjectively  the  palatability  of  26  varieties  of  rice  and  found  a  correlation 
between  the  cohesiveness  scores  for  cooked  samples  with  water  uptake 
and  total  solids  in  the  residual  cooking  liquid. 


Table  82 


PER  CENT  OF  NITROGEN  AND  THE  MORE  IMPORTANT  AMINO  ACIDS  IN  RICE  AND  RICE  PRODUCTS1 


Brown  Rice  Rice  Milled  Parboiled 

Rice  Bran  Polish  Rice  Rice 


Nitrogen 

1 

.23 

2 

.14 

1 

.98 

1 

.02 

1 

.15 

Cystine 

0 

.090 

0 

.137 

0 

.141 

0 

.073 

0 

13 

Methionine 

0 

.23 

0 

.34 

0 

.43 

0 

.21 

0, 

.15 

Tryptophane 

0 

.074 

0 

.096 

0 

.107 

0 

.086 

0 

.08 

Lysine 

0 

260 

0 

443 

0 

.444 

0 

.280 

0. 

26 

Arginine 

0 

.254 

0 

.344 

0 

.273 

0 

.251 

0 

.41 

Histidine 

0. 

.054 

0 

.090 

0 

.071 

0 

.059 

0. 

,14 

Threonine 

0 

.27 

0 

.37 

0 

.39 

0 

,30 

0. 

.28 

Valine 

0. 

.50 

0. 

61 

0. 

63 

0. 

49 

0 

41 

Leucines 

0. 

90 

1 

18 

1 

,22 

0. 

93 

0 

81 

Phenylalanine 

0 

.31 

0 

44 

0 

48 

0 

39 

0. 

31 

1  Percenwges  of  nitrogen,  cystine,  tryptophane,  lysine,  arginine,  and  histidine  under  Brown  rice.  Rice  bran 
and  Rice  pohsh  were  determined  on  Supreme  Blue  Rose  variety  (Kik  1942).  Percentages  of  methionine,  threo- 
,mHfrRhnekeUCmCjDnd  phenylalanine  under  Brown  rice  were  determined  on  a  commercial  sample  (Kik  1956A) 
“Kik  1954)  AU  anllvses6 under '•ponhc°7lrTlerclal  samPles  (Kik  1956),  under  Milled  rice  on  an  unidentified  sample 
Alien  1958)  V  d"  Parbollcd  rlce  w(-re  determined  on  a  sample  of  “Converted  Rice”  (Edwards  and 


All  of  these  tests  reflect  the  composition,  reactions,  and  histology  of  the 
starchy  part  of  the  rice  kernel.  They  do  not,  however,  measure  ade¬ 
quately  that  elusive  quality  of  texture  or  “mouth  appeal”  of  cooked  rice. 
It  remains  for  someone  to  develop  an  instrument  or  method  for  measur¬ 
ing  the  combined  qualities  of  cohesiveness,  “chewiness,”  and  smoothness 

wild  are  the  important  elements  in  sensory  evaluation  of  a  bland 
cooked  product  such  as  rice. 

■Hie  cooking  and  processing  behavior  of  rice  improves  with  storage- 
that  s,  the  cooked  texture  of  old  rice  is  considered  preferable  In-  mo! 
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after  several  months.  Well  stored  rice  grains  were  found  to  swell  on 
cooking  to  about  four  times  their  original  volume,  whereas  freshly  har¬ 
vested  rice  scarcely  swelled  to  double  its  size  with  similar  treatment. 
These  authors  further  concluded  from  their  observations  that  fresh  rice 
contains  an  active  amylase  which  causes  it  to  become  pasty  on  cooking 
but  is  inactivated  upon  storage.  Desikachar  (1956)  reached  similar  con¬ 
clusions— found  that  fresh  rice  not  only  showed  a  greater  tendency  to  be¬ 
come  pasty  but  also  lost  more  solids  into  the  cooking  water  than  did 
stored  rice.  Moreover,  its  capacity  to  imbibe  water  was  greater  and  the 
capacity  of  its  amylose  to  bind  iodine  was  lower. 

After  the  starches,  the  next  most  important  chemical  constituent  of  rice 
is  the  protein,  comprising  5  to  10  per  cent  of  the  milled  grain.  It  is 
largely  glutelin,  and  its  influence  on  cooking  properties  of  rice  has  not 
been  determined. 

In  localities  where  rice  is  a  major  food  item,  the  quality  of  its  protein  be¬ 
comes  an  important  consideration.  Seventeen  amino  acids  have  been 
identified  in  rice  protein  (Kik  1956A),  including  all  the  recognized  essen¬ 
tial  amino  acids  (Table  82),  but  how  rice  proteins  differ  from  each 
other  in  chemical  composition,  structure,  or  physical  behavior  has  not 
been  investigated  to  any  great  extent. 

Sasaoka  (1957)  has  stated  that  the  glutelin  of  glutinous  (waxy)  rice 
differs  from  that  of  ordinary  rice  glutelin  in  its  higher  content  of  tyrosine, 
lysine,  and  histidine,  and  lower  amounts  of  other  amino  acids.  Another 
point  of  difference  is  that  glutinous  rice  contains  no  combined  nucleic 
acid  in  its  glutelin  fraction  . 

Sure  ( 1953 ) ,  in  a  study  of  protein  supplementation,  found  that  when 
one-half  of  the  protein  in  milled  wheat  was  replaced  by  an  equivalent 
amount  of  milled  rice  protein  in  rat  feeding  tests,  a  114  per  cent  in¬ 
crease  in  growth  and  an  86  per  cent  increase  in  protein  efficiency  re¬ 
sulted.  A  similar  replacement  of  corn  with  rice  gave  even  more  striking 
results,  producing  a  236  per  cent  increase  in  body  weight  and  a  165  per 
cent  increase  in  protein  efficiency.  The  author  concluded:  For  people 
of  low  income  levels,  who  use  largely  corn  for  their  basic  cereal  foods 
it  would  seem  most  desirable  to  grow  more  nee  under  favorab  e 
soil  and  climatic  conditions  and  consume  a  greater  proportion  of  nee  to 
balance  the  proteins  in  corn,  which  are  deficient  in  a  number  of  ammo 
acids  but  particularly  in  lysine,  tryptophane,  threonine,  and  meth'on.ne^ 
Other  nutrition  studies  of  essential  ammo  acids  bung  out  comp  c\ 
tionships.  According  to  Rosenberg  and  Culik  <  1957  when  nits  were 
.  n  f1ipf  of  90  per  cent  milled  rice  containing  0.05  01  0.1  pei  tc 
addeddysine.'they  showed  an  increased  growth  rate  in  five  weeks  over  the 
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control  animals,  but  that  if  the  lysine  content  was  raised  to  0.^  per  cent 
or  more,  much  of  the  growth  rate  response  was  lost.  They  concluded  that 
“high  levels  of  lysine  overbalance  the  amino  acid  pattern/’  Their  find¬ 
ings  agree  with  those  of  Pecora  and  Hundley  ( 1951),  who  discovered  an 
apparent  interrelationship  between  lysine  and  threonine  in  promoting 
growth  response. 

Other  constituents  present  in  rice,  to  a  lesser  degree,  are  sugars,  hemi- 
cellulose,  mineral  matter,  fiber,  fat,  free  amino  acids,  short-chain  plant 
acids,  compounds  of  phosphorus  (particularly  esters  of  inositol  and 
phosphoric  acid),  vitamin  B  constituents  (Table  81),  enzymes  and  pig¬ 
ments.  Some  of  these,  such  as  tJieJaT  have  an  important  bearing  on  the 
storageability  of  rice  and  its  processed  products  and,  in  this  connection, 
will  be  discussed  later  in  this  chapter.  The  fat  occurs  largely  in  the  bran 
and  germ  and  is  easily  recovered  and  refined  to  a  high  grade  stable  veg¬ 
etable  oil.  The  hemicelluloses  may  be  partly  responsible  for  adhesion 
of  the  bran  to  the  endosperm  and,  therefore,  a  factor  in  the  milling  of 
rice.  Phytin  is  the  principal  phosphorus  compound  in  rice.  It  is  reported 
to  comprise  more  than  eight  per  cent  of  the  bran  fraction  ( La  Pierre 
1955).  Rice  ash  contains  calcium,  iron,  potassium,  magnesium,  sulfur, 
and  phosphorus,  as  well  as  minor  amounts  of  other  elements.  Like  the 
corresponding  mineral  constituents  of  other  foods,  these  are  important 
nutritional  factors.1 


RICE  MILLING 


A  rice  mill  is  an  elaborate  assembly  of  devices  for  handling  the  rough 
grain  as  it  comes  from  the  warehouse  end,  with  a  minimum  of  manual 
labor,  turning  it  into  finished  white  rice,  sacked  and  ready  to  market.  All 
operations  are  mechanically  performed,  including  transfer  of  the  rice  from 
one  machine  to  another  for  the  next  operation.  Excellent  descriptions  of 
rice  milling  and  processing  equipment  have  been  published  by  the  Food 
and  Agriculture  Organization  of  the  United  Nations  (Aten  and  Faunce 
1953;  Borasio  and  Gariboldi  1957). 


Equipment  for  milling  rice  is  fairly  well  standardized  in  the  United 
States.  Rough  rice  is  delivered  to  the  mill  from  the  drier  or  warehouse 
usually  admixed  with  various  kinds  of  debris,  such  as  straw,  loose  hulls’ 
bran,  weed  seeds,  pebbles,  and  granules  of  dirt.  It  also  contains  some 
broken  rice  It  must  first  be  cleaned  with  shaker  screens  to  remove  small 
and  large  heavy  impurities  and  aspirated  to  get  rid  of  hulls  and  other 
haft.  The  cleaned  nee  is  then  dehulled  in  a  shelling  device.  This  may 
beoneof  several  types  but  most  commonly  used  is  the  stone  sheller  ( Fig 

milling,  the  reader  is  refe?S7McCalUt7rU95T"  ^  a"d  lhe  products  of  rice 
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Fig.  103.  Stone  Sheller 

1.  Feed  hopper;  2.  Feed  regulation  handwheel;  3.  Disc  nut;  4.  Station^  imn  dhci  5 
Stationary  abrasive  surface;  6.  Rotating  abrasive  surface;.  Rotating  iron  d.^ 
Husked  rice  and  hull  outlet;  9.  Disc  housing;  10.  Frame;  11.  Base  12.  Drive  snar 
fa  Upper  bearing;  14.  Drive  belt;  15.  Drive  pulley;  16.  Lower  bearing;  17.  Disc 
clearance  adjustment  handwheel;  18.  Shaft  supporting  arm. 

103)  This  machine  consists  of  two  horizontal  discs  separated  by  about 
the  length  of  a  rice  grain.  The  opposed  surfaces  are  coated  with  an  abia- 
sive  emery-cement  mixture.  When  in  operation,  the  upper  stone  reman, 
stationary  while  the  lower  revolves  rapidly  with  a  stream  o  ^  J 

fed  through  an  opening  in  the  center  of  the  upper  stone  Cent  hg 

force  throws  the  rice  outwardly  between  the  stones  and  a  t  a  se . 
the  periphery  of  the  discs,  the  grams  are  upM ^  ^ 
cracked,  permitting  them  to  break  away  from 
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are  comparatively  light  and  are  readily  removed  from  the  shelled  grains 
when  the  mixture  is  aspirated  through  a  cyclone  separator.  The  brown 
rice  produced  in  the  shelling  process  contains  some  small  unshelled  rice 
grains  which  must  be  separated.  This  operation  is  performed  in  an  ingen¬ 
ious  device  known  as  a  paddy  separator,  which  consists  of  flat  cars  di¬ 
vided  into  three  tiers  of  irregular  compartments  (Fig.  104).  The  cars  are 
tilted  in  such  a  way  that  when  they  are  rapidly  shuttled,  the  lighter, 
bulkier,  rough  rice  (commonly  called  paddy)  is  concentrated  at  the 
raised  side,  while  the  heavier  brown  rice  migrates  to  the  lower  opposite 
side.  The  process  is  continuous,  and  streams  of  brown  and  rough  rice 
are  removed  simultaneously.  The  unshelled  paddy  is  then  fed  into 
another  pair  of  shelling  stones  set  closer  together  than  the  first  set,  and 
the  above  process  of  shelling,  aspiration,  and  separation  is  repeated. 


Courtesy  of  Farmers  Rice  Growers  Cooperative 


Fig.  104.  Paddy  Separators  Showing  Arrangement  of  Compartments 


Rough  rice  may  also  be  shelled  between  rubber  rolls  or  with  a  rubber 
belt  operating  against  a  ribbed  steel  roll  (Fig.  105).  This  device  is  quite 
effective  but  the  abrasive  hulls  wear  down  the  rubber,  which  must  be  re- 
p  aced  after  a  time.  It  is  less  bruising  on  the  bran  layers  of  the  brown 

shell  hr?'  6"’  tha"  She  ing  stones’  and  brown  rice  produced  in  rubber 

fraction  (Son  *°  ***  ““  “P™"'  *■>  oil 
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Courtesy  of  FAO 


Fig.  105.  Rubber  Belt  IIuller 


Feed  « 

1  6ibbandhhS  SaSt  doors;  10.  Housing  and  frame. 
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I1  ig.  106.  Rice  Milling  Machine 

6  Uil7'  ,10PPer’  2-  Copper  seat;  3.  Feed  regulation  gate;  4.  Cover;  5.  Shaft; 

,  f  K“d  r1°tor;  7:  0S  ?vCt  SCTeen;  8‘  Screen  holder;  9-  Upper  frame;  10.  Blade- 
11.  Cover  clamp;  12.  Discharge;  13.  Bearings;  14.  Drive  pulley;  15;  lower  frame 
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Whether  produced  by  stone  or  rubber  shellers,  the  brown  rice  is  now 
ready  for  milling. 

Brown  rice  is  first  milled  to  remove  the  coarse  outer  layers  of  bran  and 
germ.  The  most  common  device  used  in  United  States’  rice  mills  for  this 
operation  is  erroneously  called  a  huller.  It  is  more  properly  referred  to  as 
a  milling  machine.  Unlike  the  milling  of  wheat  flour  in  which  fine  parti¬ 
cle  size  is  desired  in  the  product,  rice  milling  must  be  conducted  to  break 


as  few  kernels  as  possible  because  whole  grains  or  head  rice  are  of  more 
commercial  value  than  broken  grains.  The  difference  in  price  may  be 
from  1.5  to  6  cents  a  pound. 

The  conventional  milling  machine  is  illustrated  in  Fig.  106.  The  outer 
part  consists  of  a  hollow  horizontal  cylinder,  the  lower  half  of  which  is 
slotted.  The  upper  half  contains  an  adjustable  longitudinal  blade.  In¬ 
side  the  outer  shell  is  a  ribbed  steel  rotor.  The  blade  is  adjusted  so  as  to 
force  the  grains  of  rice  against  the  rotating  ribs.  Brown  rice  is  fed  into 
the  milling  machine  at  the  top  until  the  annular  space  is  filled,  and  the 
grains  are  rubbed  by  the  ribbed  rotor  and  by  each  other  to  remove  bran 
and  germ  which  are  forced  through  the  slots  by  internal  pressure.  There 
is  always  a  certain  amount  of  breakage  in  rice  milling,  and  the  finer  bits 
of  broken  endosperm  pass  out  of  the  mill  along  with  the  bran  and  germ. 
The  milled  rice  is  removed  after  it  has  progressed  through  the  machine 

by  the  spiral  action  of  the  ribs.  .  .  .  , 

*  Milling  may  be  accomplished  in  one  or  two  “breaks  ;  that  is,  by  a  single 
passage  through  a  mill  or  by  consecutive  passages  through  two  mills  de¬ 
pending  on  plant  practice.  In  some  plants,  as  many  as  four  breaks  have 

'“IfteTthe  rice  is  milled,  it  consists  of  almost  white  whole  kernels  mixed 
with  broken  kernels  of  different  sizes.  It  is  now  ready  for  the  brush  a 
device  for  removing  the  white  inner  bran  layers  plus  the  proteinaceous 
aleuronelayer!  The  brush  is  essentially  a  large  vertical  stationary  cylin¬ 
drical  screen  inside  of  which  rotates  a  drum  to  which  is  attached  ove 

'Thfri^tTer^hVa^uKace  of  this  machine  at  the  top  and  as  it 

sacked.  „  .  i  outlets,  however,  re- 

At  this  point,  the  rice  is  fully filled  Some  trade  o^  ^  jn 

— -s?  ££2£ 

and^treated*  w'ith  Udc^nd  ghwesTsolution  while  the  tnnnbols  are  rotated. 
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Courtesy  of  Engelberg,  Inc. 

Fig.  107.  Rice  Brush 


After  the  coating  is  evenly  distributed  on  the  kernels  and  dried  with  warm 

a.r  the  nee  emerges  from  the  equipment  with  a  smooth,  glistening  luster 
and  is  known  as  coated  rice. 

The  mixture  of  whole  and  broken  kernels  obtained  in  the  milling  proc- 

r^e'S  Thh  oneX at<’d  T,*”  *"•*»  requirements  for  milled 
nee.  l  ms  operation  is  performed  in  two  tvoes  of  enninm^f  n 
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tiers  are  rotated,  broken  grains  lodge  in  the  depressions,  are  carried  up¬ 
ward  as  the  cylinder  revolves,  and  fall  out  when  it  has  rotated  through  a 
sufficient  arc.  They  are  collected  in  a  discharge  device  and  are  carried 
out  of  the  cylinder.  Unbroken  grains  are  too  long  to  lodge  in  the  depres¬ 
sions,  move  along  the  lowest  part  of  the  cylinder,  and  discharge  at  the 
end  opposite  the  point  of  loading. 


Fig.  108.  Trumbols  for  Coating  Rice 


In  recent  years,  the  indented  cylinder  has  been  replaced  n 
by  the  disc  separator  (Fig.  109).  This  is  also  a  horizontal  cylmder 
which  revolves  a  series  of  parallel  indented  discs.  The  indentations  ar 
designed  with  one  deep  side  and  one  shallow  side.  As  the  discs  rot. 
through  a  moving  bed  of  rice  in  the  lower  part  of  the  cylinder,  the  broken 
X  lodge  against  the  deep  side  of  the  depresi lions 

proper  choice  of  conditions,  sue  i  as  <.  •  from  the  head 

- ...  - 
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having  depressions  of  different  size  for  use  on  different  kinds  of  rice. 
Discs  designed  for  the  short-grain  Caloro  rice,  for  example,  would  not  be 
suitable  for  long-grain  types  such  as  Bluebonnet. 


Courtesy  of  Hart-Carter  Co. 

Fig.  109.  Disc  Separator  for  Separating  Whole  and  Broken  Kernels  of  Rice 


The  broken  grains  of  rice  removed  from  the  head  rice  by  either  the 
indented  shell  or  disc  separator,  are  further  classified  by  screens,  vibrating 
tables  or  disc  separators  with  smaller  indentations  into  “second  heads,” 
screenings,”  and  “brewers’  rice,”  which  are  in  the  order  of  increasing 
fineness  of  particle  size.  In  some  localities,  brewers  rice  and  screenings 
are  combined  and  sold  as  brewers  rice.  These  broken  grades  do  not  com¬ 
mand  so  high  a  price  as  head  rice,  but  they  find  use  in  the  brewing  in- 
c  ustry  and  in  making  rice  Hour,  pet  food  formulations,  etc.  Second  heads 

are  sometimes  recombined  in  certain  proportions  with  head  rice  to  meet 
special  trade  specifications. 
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In  a  pilot  plant  study  of  rice  milling  operations,  Autrey  et  al.  (1955) 
found  that  most  of  the  breakage  of  long-  and  medium-grain  rice  during 
passage  through  the  various  units  of  equipment  occurred  in  the  milling 
machine.  Average  of  29  runs  showed  that  5.0  per  cent  of  the  kernels 
were  broken  in  the  sheller,  and  9.6  per  cent  in  the  milling  machine.  The 
brush  accounted  for  3.1  per  cent  of  the  breakage  (average  of  17  runs). 
The  variations  among  samples  in  all  three  units,  however,  were  extremely 
wide.  Breakage  in  other  equipment  of  the  mill  such  as  the  cleaner, 
paddy  machine,  and  broken  rice  separator,  was  negligible.  In  this  refer¬ 
ence,  the  authors  also  reported  that  when  the  air  of  a  rice  mill  was  prop¬ 
erly  humidified,  breakage  was  greatly  reduced.  A  relative  humidity  of 
about  70  per  cent,  which  was  in  approximate  equilibrium  with  the  mois¬ 
ture  content  of  the  rice  being  processed,  gave  maximum  head  yields. 
Most  important  was  humidification  in  equipment  where  the  rice  came  in 
contact  with  large  volumes  of  air,  particularly  in  the  aspirators  and 
elevators. 


MARKET  QUALITY  OF  RICE 

Six  grades  of  rough,  brown,  and  milled  rice  (above  sample  grade 
which  is  only  suitable  for  feed),  regardless  of  variety  or  type,  aie  lecog- 
nized,  for  which  rigid  standards  have  been  established  by  the  U.  S.  Agri¬ 
cultural  Marketing  Service.  Rice  of  all  grades  must  have  14  per  cent  or 
less  moisture  content;  otherwise  it  is  classed  as  damp  rice.  Specifications 
for  the  different  grades  include  maximum  limits  of  heat-damaged  kernels, 
chalky  rice,  rice  of  contrasting  classes  ( i.e.,  long-grain  and  short-gram ) , 
red  rice,  and  weed  seeds,  and  the  color  of  fully  milled  samples.  Milled 
and  brown  rice  grades  include  maximum  limits  for  broken  rice.  Rough 
rice  is  sold  on  the  basis  of  the  amount  of  milled  rice  and  the  amount  of 
head  rice  (whole  kernels)  obtained  when  the  rice  is  milled  by  a  standard 
milling  test.  There  are  also  standard  specifications  for  broken  grades  of 

rl<To  illustrate  the  requirements  of  a  grade.  U.  S.  No  1  milled  rice  must 
contain  not  more  than  one  heat-damaged  kernel  or  object. enable fSeed  m 
500  gm  nor  more  than  0.5  per  cent  of  red  rice.  1  pel  cent  of  chalky 
kernels!  4  per  cent  of  broken  rice  and  1  per  cent  of  rice  of  contrasting 

flisses  and  must  be  white  or  creamy  in  color. 

The ’difference  in  returns  that  can  be  expected  from  rice  at  differen 

market  quality  levels  can  best  be  illustrated  by 
and  No.  5  at  $3.62. 


RICE  PROCESSING 


443 


UTILIZATION  OF  HULLS,  BRAN,  AND  POLISH 
Rice  hulls  whose  composition  is  given  in  Table  83,  are  more  of  a  liability 
than  an  asset  to  millers,  who  often  pay  for  their  disposal.  Various  practi¬ 
cal  applications  have  been  proposed  and  part  of  the  hulls  from  the  United 
States  rice  crop  do  yield  some  monetary  returns  either  directly  01  in¬ 
directly.  They  are  used  for  stock  litter,  soft  grit  blasting  of  metals,  soil 
conditioning,  polishing  of  semi-precious  gems,  making  activated  chars, 
and  as  boiler  fuel  in  rice  mills.  In  times  past  they  have  been  used  for 
production  of  furfural  and  in  formulations  of  light-weight  concrete  blocks. 
With  a  k  value  of  about  0.25  they  are  between  asbestos  and  mineral  wool 
in  thermal  insulating  properties.  They  have  also  been  found  useful  as 
a  seed  diluent  for  drill  planting  and,  in  this  respect,  are  said  to  be  superior 
to  sand  or  sawdust  in  maintaining  uniform  distribution,  particularly  of 
mixed  seeds.  The  Soil  Conservation  Service,  which  discovered  this 
interesting  application  of  rice  hulls,  has  continued  to  use  them  in  the 
seeding  of  forage  grasses.  Although  rice  hulls  are  low  in  food  calories, 
limited  amounts  of  them  can  be  used  in  feeds  without  injury  to  animals. 

Table  83 

COMPOSITION  OF  RICE  HULLS  AND  RICE  HULL  ASH* 

Per  cent 


Rice  Hulls 


Moisture 

2.4-11 .0 

Ash 

15.7-21 .3 

Protein 

2.4-  3.6 

Ether  extract 

0.9-  1.2 

Crude  fiber 

39.0-45.7 

Nitrogen-free  extract 

Rice  Hull  Ash 

24.7-29.4 

Silica 

94 . 0-94 . 5 

CaO 

0.3-  2.3 

MgO 

0.2 

k2o 

1.1-  3.2 

Na20 

0.8 

Fe203 

Trace  to  0 . 1 

S03 

1.1 

0.5 

p2o6 

A1  and  Mn  oxides 

Trace 

1  Range  of  reported  values. 


At  present,  however,  most  of  the  rice  hulls  from  U.  S.  mills  amounting 

to  about  400,000  tons  a  year  are  burned  as  a  disposal  measure.  The 

resulting  ash  (about  20  per  cent  of  the  hulls,  and  mostly  silica)  finds  some 

use  in  sweeping  compounds  for  garage  floors,  in  mechanics’  soap  and 
in  ceramic  ware.  1  ’ 


The  problem  of  finding  a  large-scale  use  for 
importance  of  solving  it  has  been  repeatedly 


rice  hulls  remains, 
emphasized  by  the 


The 

rice 
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milling  industry,  and  rich  rewards  are  in  store  for  the  person  or  team  of 
workers  who  will  come  up  with  the  answer. 

Rice  bran,  one  of  the  most  nutritious  parts  of  the  rice  grain  ( Table  81 ) 
is  used  almost  exclusively  as  a  feedstuff.  It  contains  13  to  15  per  cent  of 
oil  which  is  quite  unstable  when  left  in  the  bran,  since  it  then  develops 
free  fatty  acids  at  a  rapid  rate.  Three  plants  in  the  United  States  cur¬ 
rently  extract  rice  oil  with  petroleum  solvents,  and  obtain  a  high  grade, 
relatively  stable  product  that  is  useful  for  general  culinary  purposes,  deep 
fat  frying,  and  in  food  formulations.  The  bran  after  extraction  is  more 
stable  than  before,  but  is  quite  dusty  and  is  often  pelleted  with  mo¬ 
lasses.  Some  rice  bran  is  used  in  the  manufacture  of  vitamin  B 
concentrates. 

Rice  Polish 

Considerable  quantities  of  rice  polish  are  sold  for  baby  food  formula¬ 
tions,  and  in  health  stores,  but  much  of  the  annual  production  goes  into 
feedstuffs.  Like  rice  bran,  rice  polish  is  rich  in  nutrients. 


RICE  PROCESSING 

About  15  per  cent  of  the  national  rice  crop  is  processed  into  prepared 
foods  of  various  kinds— parboiled,  quick-cooking,  enriched,  and  canned 
rice,  canned  soups,  canned  rice  and  vegetable  mixtures,  dry  soup  mixes, 
breakfast  cereals,  baby  foods,  and  frozen  dishes.  When  ground  into 
flour,  rice  is  sometimes  used  as  a  thickening  agent  in  canned  goods  be¬ 
cause  of  its  smooth  texture,  and  bland  flavor.  Rice  flour  is  also  used  in 
commercial  bakeries  for  dusting  loaves  of  bread  before  they  go  into  the 
oven  to  give  a  golden  brown  color  to  the  crust.  Because  rice,  unlike  wheats 
is  lacking  in  gluten,  it  cannot  be  used  by  itself  for  making  bread  and, . 
even  when  admixed  with  wheat  flour,  reduces  loaf  volume  in  proportion 
to  the  amount  of  rice  flour  present.  Broken  grades  of  rice  are  frequently  f* 
used  as  a  source  of  carbohydrates  in  brewing.  Because  natural  anti¬ 
oxidants  present  in  rice  are  usually  destroyed  in  processing  rice,  pro¬ 
tective  agents  are  often  added  to  rice  products  to  inhibit  rancidification 
Butylated  hydroxyanisole  (BI1A)  and  butylated  hydroxytoluene  (BH4  ) 
have  been  found  particularly  effective  for  stabilizing  nee  products 
(Stuckey  1955).  Even  well  milled  rice  contains  a  small  percentage  o 
f  it  (Table  81)  which  is  not  removed  by  processing  treatments  and  may 
cause  trouble  when  rice  products  are  stored.  The  natural  nutnt.ona 
deficiencies  of  milled  rice  may  be  still  further  increased  by  certain  type 
of  processing  but  may  be  compensated  for  by  adding  v~ 
salts,  and  protein  supplements  containing  essential  ammo  acids 

products, 
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Parboiled  Rice 

The  parboiling  of  rice  has  been  practiced  for  hundreds  of  years  in  a 
primitive  way  in  foreign  countries,  particularly  Burma,  India,  and  i  aki- 
stan.  The  method  in  its  original  form  was  to  boil  rough  rice  for  an  hour 
or  so  in  open  kettles;  then  it  was  spread  on  the  ground  to  dry  and  hand- 
pounded  for  use  when  needed.  Manufacturing  processes  for  parboiling 
rice  have  been  introduced  into  the  United  States,  Italy,  and  Biitish  Guiana 
since  1940.  More  recently,  mechanized  methods  similar  to  those  of  the 
United  States  have  been  adopted  in  Burma. 


Courtesy  of  Converted  Rice,  Inc. 

Fig.  110.  Pressure  Steeping  Tanks  Used  in  Parboiling  Rice 


Four  plants  presently  manufacture  parboiled  rice  in  the  United  States. 
The  processes  have  been  described  in  technical  articles  (Anon.  1948, 
Court  1946,  Havighorst  1947,  Jones  and  Taylor  1935,  Jones  et  al.  1946* 
and  O'Donnell  1947),  and  are  covered  by  numerous  patents  (Baumgart- 
ner  1917,  Huzenlaub  1942,  and  1949,  Huzenlaub  and  Rogers  1941,  1944, 
1951,  1951 A  and  1952,  Landon  et  al  1951,  and  Yonan-Malek  1943,  and 
1943A).  They  are  similar  in  that  all  involve  soaking  rough  rice,  steam¬ 
ing,  drying,  and  finally  milling  it.  The  soaking  step  is  carried  out  in  warm 
water.  In  one  variation,  rough  rice  is  elevated  from  storage  bins  to  an  au¬ 
tomata  hopper  scale  which  weighs  and  dumps  the  rice  into  an  accumulat¬ 
ing  hopper.  When  sufficient  rice  is  assembled  for  a  batch,  it  is  dumped 
into  a  steeping  tank  (Figure  110).  This  vessel  is  connected  to  a  vacuum 
system,  a  water  system,  and  a  compressed  air  system.  When  the  batch  of 
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lice  is  dropped,  the  tank  is  evacuated  to  remove  air  from  the  grain.  Then 
sufficient  water  heated  to  about  200  F.  is  introduced  to  cover  the  rice. 
The  tank  is  pressurized  to  about  100  lbs.  per  sq.  in.  and  the  rice  is  steeped 
about  190  minutes.  The  temperature  and  time  may  be  varied  somewhat 
depending  on  the  specific  characteristics  of  the  rice  used,  its  moisture 
content,  time  in  storage,  etc.  During  the  steeping  step,  water  soluble 
Vitamin  B  components  and  minerals  are  infused  into  the  endosperm  from 
the  bran,  germ,  and  hull.  At  the  end  of  this  operation,  the  water  is 
drained  off,  and  the  rice  is  discharged  into  a  jacketed  rotating  vacuum 
drier  equipped  with  steam  tubes  (Figure  111). 


Fig.  111.  Rotary  Steamer 


The  drier  is  evacuated  and  heated  with  steam  to  remove  excess  mois¬ 
ture  from  the  rice.  Dry  steam  is  then  injected  to  gelatinize  the  starch 
in  the  grains,  after  which  tire  vessel  is  vented  and  evacuated  until  the 
moisture  is  low  enough  in  the  rice  to  permit  milling.  The  dried  rice  is  v 
conveyed  to  bins  where  it  is  cooled  by  drawing  air  through  .  ,  am 
tempered  to  equalize  the  moisture  content  of  the  batch.  Fina  y 

rice  is  milled  to  remove  hull,  bran,  and  germ. 

In  another  process,  cleaned  rice  is  steeped  in  two  parts  of  water  at  1. 
to  150°F  in  open  steel  tanks  for  9  to  12  hours  until  it  lias  absorbed  30 
to  35  per  cent  moisture  on  the  wet  basis.  The  soaked  rice  is  transferred 
continuously  to  a  vertical  pressure  ve^e.  on 

the  inlet  and  discharge  openings  and  stearncd  at  -3  - 

minutes,  depending  on  the  degree  of  parboiling  and  the  cooking  qua!  . 
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and  color  desired  in  the  end  product.  Shorter  cooking  times  result  in 
lighter  colored  rice.  Little  additional  water  is  absorbed  in  the  steaming 
process,  and  thte  rice  is  discharged  with  a  moisture  content  of  abou 
35  per  cent.  It  is  dried  in  a  steam  tube  drier  and  a  series  of  hot  an 
driers  to  11  to  13  per  cent  moisture,  then  milled  in  conventional  equip¬ 
ment.  Yields  are  from  66  to  71  lbs.  of  total  milled  rice  and  58  to  67  lbs. 
of  whole  grains  per  100  lbs  of  starting  rough  rice.  The  product  is  said  to 
contain  2.0  micrograms  of  thiamin,  0.40  micrograms  of  riboflavin,  and  44.0 
micrograms  of  niacin  per  gram  of  dry  material.  Its  storage  life  is  from 
2  to  3  years.  Milling  by-products  are  disposed  of  in  the  regular  com¬ 
mercial  channels  for  these  materials.  The  waste  water  from  the  steeping 
is  not  utilized. 

A  third  process  is  similar  to  the  second  in  general  principle,  but  both 
the  soaking  and  steaming  steps  are  performed  in  rotating  cylinders  (Court 
1946,  Havighorst  1947 ) . 

Parboiled  rice  has  a  somewhat  rubbery  texture  and,  for  that  reason, 
resists  breakage  when  it  is  milled.  The  better  head  yields  obtained  in  the 
milling  of  parboiled  rice  than  in  the  milling  of  raw  rice  defrays  to  a  con¬ 
siderable  degree  the  cost  of  parboiling  so  that  parboiled  rice  sells  for 
little  more  than  white  rice. 

Although  parboiled  rice  is  not  quick  cooking,  it  has  certain  advantages 
over  raw  rice— it  is  more  nutritious,  it  is  more  resistant  to  insect  infes¬ 
tations,  and  it  can  be  used  in  canned  formulations  such  as  soups  and 
other  semi-liquids  without  disintegration.  It  can  be  cooked  with  less 
danger  of  becoming  mushy  than  white  rice.  Parboiled  rice  is  not  so  white 
as  raw  milled  rice  and  has  a  slightly  different  flavor,  but  it  is  widely 
accepted  and  is  often  preferred  to  white  rice.  In  some  rice-eating  areas 
of  the  world,  however,  attempts  to  introduce  it  have  not  been  successful, 
its  color,  which  is  usually  a  light  tan,  may  be  an  adverse  factor  in  instances 
where  extreme  whiteness  of  rice  is  a  criterion  of  quality. 

When  parboiled  rice  is  stored,  rancidity  occurs  following  an  induction 
period.  This  effect  is  accompanied  by  a  rise  in  fat  acidity  and  in  mono- 
carbonyl  and  peroxide  values.  Both  monocarbonyls  and  peroxide  rise  to 
a  maximum,  then  decrease,  and  simultaneously  the  rancid  odors  begin  to 
subside  and  ultimately  disappear.  Fatty  acids  continue  to  rise  during 
storage,  but  the  rate  of  increase  diminishes  as  storage  advances. 

The  behavior  of  the  fat  fraction  in  Pearl  and  Patna  parboiled  rice, 
with  respect  to  development  of  oxidation  products  and  free  fatty  acids, 
las  been  experimentally  studied  under  a  variety  of  conditions  including 
dark  and  light  storage,  closed  and  open  containers,  and  at  several  tern* 
peratures  (Houston  et  al.  1954).  In  open  containers,  dark  storage  of 
both  i  ices  showed  maximum  carbonyl  values  at  77°,  100°,  and  180C'F.  in 
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about  a  year,  a  month,  and  a  week,  respectively.  Fig.  112  illustrates 
changes  in  monocarbonyl,  peroxide  and  free  fatty  acid  values  at  77 °F. 
In  closed  storage  at  77  and  100  F.,  peroxide  and  monocarbonyl  changes 
were  similar  to  those  for  open  storage,  but  induction  periods  were  longer. 
At  140° F.,  no  significant  rise  of  either  function  was  observed.  The 
accelerating  effect  of  light  on  rancidification  of  fat-containing  foods  was 
confirmed  for  parboiled  rice  during  storage  at  77°F. 


In  a  separate  study  (Houston  et  al.  1956),  the  effect  of  storage  on 
color  changes  in  parboiled  rice  at  different  temperatures  was  measured 
For  both  Pearl  and  Patna  rices,  color  changes  were  negligible  for  about 
a  vear  at  77°F.  in  either  open  or  sealed  containers.  At  100  and  14t 
color  changes  were  observed  after  3  or  4  months  due  to  nonenzymatic 
browning,  accompanied  by  losses  of  reducing  sugars.  Ammo  mtroge 
and  free  amino  acids  were  also  reduced  in  amount  (Hunter  c  dW 
Sulfur  dioxide  added  during  processing  inhibited  browning  of  parboiled 

rice  but  did  not  delay  rancidification.  „nci 

As  parboiled  rice  is  frequently  sold  in  sma  1  P-mcabk  pimkages,  and 

moves  from  factory  to  consumer  rather  rapic  y,  i  e  i  ' 

enced  with  rancidity  on  retail  store  shelves.  But  when  stored  in  bulk, 
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it  occasionally  “goes  off”  in  large  quantities,  and  manufacturers  of  this 
product  now  stabilize  it  with  high-potency  antioxidants,  which  have 
proved  quite  effective.  Close  milling  of  the  rice  to  reduce  its  fat  content 
is  also  practiced,  but  always  a  few  tenths  of  a  per  cent  of  fat  remains  and 
this  is  enough  to  cause  trouble  unless  it  is  stabilized  in  some  way. 

Parboiled  rice  expands  to  a  light  porous  product  when  heated  in  hot 
air  or  hot  oil  (Roberts  1952,  Roberts  et  al.  1951).  Roberts  et  al.  (1954) 
made  an  intensive  study  of  the  influence  of  parboiling  conditions  on 
various  properties  of  rice,  including  its  color,  the  solubility  of  the  amylose 
fraction,  and  the  extent  of  expansion  upon  heating  under  controlled  con¬ 
ditions.  The  steaming  step  in  the  parboiling  of  rice  had  a  particularly 
great  influence  on  these  properties,  the  expansibility  of  the  grains,  depth 
of  color  and  starch  solubility  in  the  final  product  increasing  decidedly  with 
the  severity  of  the  treatment. 

Expanded  parboiled  rice  is  usable  as  a  dry  breakfast  cereal  but  for  that 
purpose  its  comparatively  bland  flavor  should  be  enhanced  with  other 
ingredients  such  as  honey,  malt  syrup,  salt,  etc.  Precooked  brown  rice, 
when  expanded  with  toasting,  and  finally  ground  to  farina  size,  has  been 
patented  as  an  instant-cooking  breakfast  cereal  (Kester  and  Ferrel  1957). 

Quick-Cooking  Rice 

The  modern  trend  in  processed  foods  is  toward  convenience  items. 
The  day  of  long,  drawn-out  preparation  of  food  is  fast  disappearing. 
Housewives  are  relying  more  and  more  on  canned,  packaged,  or  frozen 
foods  to  serve  their  families.  Food  processors  and  research  agencies  have 
been  eminently  successful  in  developing  tasty  products  in  these  categories. 
Rice,  because  of  its  bland  flavor,  lends  itself  readily  to  various  forms  of 
preparations  and  formulations.  Parboiled  rice,  described  in  preceding 
pages  of  this  chapter,  is  a  case  in  point.  This  form  of  rice,  however,  al¬ 
though  fully  precooked,  is  not  a  quick-cooking  rice  for  the  reason  that  the 
grams  are  still  quite  dense  and  therefore  do  not  take  up  water  readily. 
Other  dry  forms  of  precooked  rice  are  now  available  with  a  more  open 
texture  and  may  be  prepared  for  serving  in  from  2  to  15  minutes.  Some 
are  made  by  precooking  in  water  and  drying  under  special  and  closelv  con- 
io  led  conditions;  others  are  made  with  dry  heat.  Following  are  some 
of  the  methods  used  for  preparing  forms  of  quick-cooking  rice 

In  one  commercial  method,  the  cooking  time  of  both  brown  and  white 
rice  is  shortened  by  heating  the  dry  grains  in  a  current  of  air  at  elevated 
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tremely  important  saving  of  cooking  time,  especially  for  brown  rice, 
which,  when  not  so  treated,  requires  35  to  45  minutes  of  cooking  to  make 
it  soft  enough  to  eat.  Heat-processed  brown  rice  is  improved  nutrition¬ 
ally  by  coating  it  with  thiamin,  riboflavin,  and  iron  phosphate,  and  is 
stabilized  against  rancidification  with  antioxidant.  These  elements  are 
applied  at  one  time  in  a  water-vegetable  oil  emulsion.  Unlike  fortified 
or  enriched  raw  rice,  enriched  heat-processed  rice  is  not  coated  with  a 
protective  film.  But  it  should  not  be  rinsed  before  being  cooked  for  serv¬ 
ing- 

Other  forms  of  quick-cooking  rice  are  made  by  precooking  white  rice 
and  either  rapidly  drying  the  cooked  product  in  a  current  of  hot  air  or 
slow  drying  followed  by  expansion  of  the  dried  grains  with  heat.  A 
large  number  of  patents  (Alderman  et  el.  1953,  Campbell  and  Hollis  1954 
and  1954 A,  Flynn  and  Hollis  1955,  Hollis  et  al  1958,  Knoch  1955,  Mickus 
and  Brewer  1957,  Muller  1952,  Ozai-Durrani  1948,  1950,  1955,  19o6, 
1956 A,  1956B,  and  1958,  Roberts  1952A  and  1955,  and  Shuman  and 
Staley  1954 )  have  been  taken  out  that  cover  different  variations  of  the  wet 


process  for  making  quick-cooking  rice. 

One  widely  sold  form  of  quick-cooking  rice  can  be  prepared  for  serv¬ 
ing  in  about  five  minutes.  It  is  enriched  with  thiamin,  riboflavin,  niacin, 
and  iron  Actual  details  of  the  commercial  method  for  manufacturing 
this  product  are  not  available,  but  they  probably  follow  the  general 
methods  outlined  above  and  are  continually  being  modified  to  obtain  im¬ 
provement  in  texture  and  nutritional  value  of  the  product  and  to  reduce 

proces^mg  of  this  proceSs,  the  rice  was  gelatinized  in  one  step 

by  completely  cooking  it  in  water  (Anon.  1947  ^  pro¬ 

cedure  resulted  in  extensive  losses  due  to  overcooking  of  the  surface 
layers  of  the  grains  which  dispersed  into  the  cooking  wa  e  ■ 
modification  (Flynn  and  Hollis  1955),  the  soaked  rice  is  steamed  under 
pressure  to  partially  gelatinize  the  grains,  which  are  then flight  y  com- 
nressed  They  are  retreated  with  hot  water  to  enlarge  the  grains  an 

hzt  “s ' « "  ~ 


condition.  ,  Alli  1053  1953A)  cooked 

-d  s" reiaxins  ,he 

pressure  into  a  vacuum  chamber. 
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Still  another  process  for  making  quick-cooking  rice  is  a  novel  varia¬ 
tion  of  prior  methods.  It  consists  of  soaking  and  cooking  rice,  then  freez¬ 
ing,  thawing,  and  dehydrating  it  (Keneaster  and  Newlin  1957).  The 
product  is  said  to  recook  in  about  five  minutes.  Details  of  a  similar 

process  have  been  discussed  by  Roseman  ( 1958 ) . 

The  property  possessed  by  dried  gelatinized  rice,  of  expanding  under 
heat  treatment  (Roberts  1951  and  1952)  is  most  advantageous  in  the  prep¬ 
aration  of  quick-cooking  rice  products.  The  degree  of  expansion  in  hot 
air  may  be  as  high  as  four-fold  when  the  proper  conditions  are  main¬ 
tained.  The  grains  retain  their  normal  shape  after  expansion  but  are 
crisp  and  porous.  Addition  of  boiling  water  causes  them  to  shrink  to 
about  the  size  of  boiled  white  rice  grains. 


Canned  Rice 

Canned  cooked  rice  may  also  be  considered  a  form  of  quick-cooking  or 
quickly  prepared  rice.  Formerly  it  was  made  almost  exclusively  from 
parboiled  rice  because  this  form  of  rice,  unlike  cooked  white  rice,  does 
not  disintegrate  when  the  cans  are  sterilized.  Roberts  (1954)  and  Rob¬ 
erts  et  al.  ( 1953 )  of  the  Western  Regional  Research  Laboratory  sur¬ 
mounted  the  difficulty  of  canning  white  rice  by  limiting  the  moisture  con¬ 
tent  of  the  product  to  about  55  per  cent.  Briefly,  this  process  consists  of: 
(1)  soaking  the  rice  to  its  equilibrium  moisture  content  (about  30  to  35 
per  cent  water);  (2)  cooking  it  4  to  5  minutes  in  excess  water;  (3)  drain¬ 
ing  and  packing  the  rice  into  cans;  and  (4)  vacuum  sealing  and  retorting. 
This  rice  may  be  prepared  for  serving  by  adding  a  small  amount  of  addi¬ 
tional  water  and  heating  for  about  two  minutes  until  the  added  water 
is  absorbed. 

The  critical  points  of  this  process  are:  (1)  limitation  of  the  moisture 
content  as  described,  (2)  adjustment  of  the  pH  in  the  product  before 
canning  to  about  5.5  to  6.0,  (3)  packing  in  C-enamel  cans  or  glass  jars 
with  C-enameled  lids,  and  (4)  sealing  under  at  least  26  inches  of  vacuum. 

It  is  important  that  the  moisture  content  of  white  rice  cooked  for  can¬ 
ning  be  in  the  range  of  about  50  to  55  per  cent.  Less  moisture  than  50 
per  cent  makes  the  rice  too  dry  and  hard  to  absorb  the  additional  water 
readily  and  more  moisture  than  55  per  cent  causes  the  rice  to  become 
pasty  during  canning  and  retorting. 


Frozen  Cooked  Rice 

Boll,  white  and  brown  rice  after  cooking  can  be  frozen  and  stored  for 
everal  months  to  a  year  without  deterioration  (Boggs  et  1951  and 

.  "  fdct'  whlte  rice  actua|ly  seems  to  improve  in  different  respects 

'  f™-"  storage  according  to  tire  verdict  of  a  taste  panel  Auhe 
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Western  Regional  Research  Laboratory  where  frozen  rice  was  developed 
and  studied,  rice  was  first  soaked,  then  cooked  to  a  slightly  underdone 
state,  quick  frozen  in  a  blast  freezer,  and  finally  stored  at  sub-freezing 
temperatures  ( — 10  ,  0°,  and  10  F.  for  white  rice,  0°  for  brown  rice). 
At  periodic  intervals,  the  rice  was  thawed  and  prepared  for  serving  by 
heating  ten  minutes  in  a  steamer,  then  graded  by  the  sensory  panel  on 
the  basis  of  texture,  cohesiveness  of  grain  and  flavor.  Color  was  graded 
on  the  white  rice  samples  only.  Although  no  commercial  development 
of  these  frozen  rice  products  seems  to  have  been  made,  they  should  have 
a  widespread  acceptance  as  convenience  items.  Because  no  satisfactory 
method  has  been  found  for  preventing  the  rice  grains  from  cohering  in 
a  cake  during  freezing,  it  has  been  suggested  that  the  rice  be  frozen  in 
thin  sheets  to  avoid  the  need  for  penetrating  a  thick  solid  mass  of  frozen 
rice  with  steam.  Part  of  the  experimental  packs  of  rice  have  been  in 
frozen  storage  for  six  years  and  have  retained  to  a  high  degree  their  origi¬ 
nal  qualities  of  flavor  and  texture. 


USES  OF  WAXY  RICE  FLOUR  IN  FOOD  PRODUCTS 

In  tests  of  numerous  thickening  agents  for  white  sauces,  giavies,  and 
puddings,  waxy  rice  flour  had  superior  properties  in  preventing  liquid 
separation  (syneresis)  when  these  products  were  frozen,  stored,  and 
subsequently  thawed  ( Hanson  et  al  1951,  1953  and  1957).  Regardless  of 
the  thickening  agent  used,  storage  temperature  proved  to  be  an  important 
factor.  At  0°F.,  a  white  sauce  thickened  with  waxy  rice  flour  showed 
little  or  no  separation  when  thawed  at  the  end  of  a  year;  puddings  made 
with  this  flour  and  egg  yolk  had  a  storage  limit  of  about  four  months  and 
when  made  with  the  flour  and  whole  egg,  about  two  months.  When  these 
products  were  stored  at  10° F.,  however,  the  storage  life  was  only  approxi¬ 
mately  one-fifth  that  at  O  F. 

The  fact  that  waxy  rice  contributes  this  phenomenal  property  to  frozen 
foods  of  the  kind  described,  is  doubtless  because  its  starch  >s :  almosl :  pure 
amvlopectin.  By  way  of  partial  explanation  of  its  behavior,  the  following 
observation  of  Kerr  (1950)  is  cited: 

"Solutions  of  starch  which  have  aged  a,  pmgrls- 

thp  ohenomenon  of  retrogradation.  A  pait  of  the  starch  aggregai  i  h 

sively,  and  finally  forms  'in  this 

retrogradation  process  may  be  hast  retrograde.  Although  some 

way,  ordinarily  stable  VS '  wv  m  ret,^  ^de  hi  solution,  the  prop- 

pure'amylose  soh.Ls, 

The  inference  drawn  by  Hanson  et  al.  (1961)  is  that  the  common 
starches  containing  unbranched  molecules  would  be  expected 
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grade  and  eliminate  water  more  rapidly  than  amylopectin  starches  under 
comparable  conditions. 

Bates  et  al  (1943)  reported  that  amylopectins  from  different  starches 
do  not  behave  alike  in  an  iodine  titration.  In  their  tests,  the  more  highly 
branched  the  amylopectin,  the  less  was  its  affinity  for  iodine.  Of  the 
polysaccharides  investigated,  glycogen  had  the  least  affinity  for  iodine, 
followed  by  waxy  rice,  waxy  corn,  waxy  barley  starch,  and  potato  and 
corn  amylopectin.  Meyer  and  Fuld  (1941)  found  that  the  degree  of 
branching  of  waxy  rice  starch  is  between  that  of  ordinary  amylopectins 
and  of  glycogen  and  that  the  waxy  rice  starch  molecules  are  of  low  and 
intermediate  molecular  weights.  In  the  investigations  at  the  Western 
Regional  Research  Laboratory,  liquid  separation  in  sauces  containing 
waxy  corn  and  waxy  sorghum  starches  occurred  in  shorter  storage  times 
than  in  sauces  containing  waxy  rice  starch  or  flour.  This  was  further  evi¬ 
dence  that  the  waxy  cereal  starches  differs  in  molecular  size  and  degree 
of  branching. 

In  a  separate  investigation,  it  was  found  that  waxy  rice  flour  had  de¬ 
sirable  properties  when  used  as  a  thickening  agent  in  canned  products 
(Davis  et  al  1955).  Pastes  prepared  from  it  showed  essentially  no  in¬ 
crease  in  gelation  or  separation  of  liquid  during  storage.  Other  waxy 
cereals  possess  this  property  also,  but  waxy  rice  has  the  advantage  of  im¬ 
parting  a  “short”  or  non-stringy  character  to  the  paste.  Use  of  waxy 
lice  Hour  with  wheat  Hour  for  pastes  is  indicated  when  a  certain  amount 
of  initial  gelation,  but  no  increase  in  gelation  during  storage,  is  required. 


ENRICHMENT 

The  use  of  highly  polished  rice  has  been  a  public  health  problem  in 
many  places  where  rice  is  a  main  article  of  diet.  Beri-beri  or  severe  B- 
complex  deficiencies  are  often  endemic  in  these  areas.  A  test  in  the 
Bataan  province  of  the  Philippines  from  1947  to  1950  (Salcedo  et  al  1950) 
demonstrated  conclusively  the  value  of  rice  enriched  with  thiamin,  niacin 
and  iron  for  reducing  incidence  of  and  mortality  from  beri-beri  The 
results  of  the  test  were  so  dramatic  that  the  Philippine  government  main¬ 
tained  enrichment  of  rice  in  Bataan  and  has  gradually  extended  it  to  other 
provinces.  In  1951  the  Puerto  Rican  government  enacted  legislation 
requiring  that  all  rice  sold  on  the  island  be  enriched.  And  in  our  own 
country.  South  Carolina,  which  has  a  high  per  capita  consumption  of 
white  nee,  passed  a  law  requiring  that  only  enriched  rice  be  sold  within 
the  State  alter  July  1,  1956.  Enriched  rice  has  also  been  made  available 

in  Cuba,  Venezuela,  Columbia,  Dominican  Republic,  Taiwan  Siniranoro 
Australia,  Hawaii  and  Thailand  ’  Mn8aPore, 

Although  South  Carolina  is  the  only  state  of  the  Union  where  sale  of  en- 
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riched  rice  is  mandatory,  the  importance  of  this  more  nutritious  form  of 
the  cereal  is  considered  great  enough  that  standards  for  enrichment  are 
being  set  up  by  the  Food  and  Drug  Administration  of  the  Department  of 
Health,  Education,  and  Welfare. 

Rice  may  be  enriched  in  various  ways.  The  parboiling  of  rice  is 
actually  equivalent  to  an  enrichment  process  because  during  the  soak¬ 
ing  and  cooking  of  rough  rice,  bran  vitamins  diffuse  into  the  endosperm. 
And  so  in  areas  where  parboiled  rice  is  consumed  as  the  main  form  of 
this  cereal,  the  population  receives  a  satisfactory  dosage  of  these  nutri¬ 
tional  elements. 

Artificial  enrichment  usually  consists  in  heavily  fortifying  small  quan¬ 
tities  of  milled  rice  with  thiamin,  niacin  and  iron  phosphate  to  make  what 
is  known  as  “premix.”  Riboflavin  is  not  generally  added  because  it  turns 
the  grains  yellow.  This  highly  enriched  rice  is  then  diluted  with  199 
times  its  weight  of  unenriched  rice  to  make  a  blend  containing  the  en¬ 
riching  vitamins  and  iron  at  slightly  above  the  level  present  in  brown  rice. 

In  making  premix,  the  iron  and  vitamins  are  built  up  on  the  grains  in 
layers  and  protected  with  an  edible  coating.  Such  a  product  will  pass  the 
washing  test  required  in  the  Puerto  Rican  law. 
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Fig.  113-  Diagram  Showing  Production  of  Rice  Premix 


Premix  is  made  by  two  quite  similar  processes.  In  one  which  is  repre- 
sentativ'e  (Furter  and  Lauter  1946;  Mid™,  1955,  a  2150-  b  lo* oOndled 
rire  is  charged  into  a  trumbol  fitted  with  baffles  (Tig.  1  ■  )• 
solution  made  up  of  39.5  lbs.  of  niacin  6  lbs.  of  thiamin  21 Obs >of  su  fun 
acid  and  58  lbs.  of  water  is  fed  into  the  trumbol  by  a  perforated  sta.nl 

steel  pipe  that  runs  full  length  of  the  unit  In  about  ten  imuntes„the 

rice  grains  are  uniformly  coated  with  the  mixtuie,  an  an  i 
into  the  trumbol  to  dry  the  coating  so  that  the 
Next,  half  of  an  enrobing  solution  consisting 
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acid,  16.25  lbs.  of  a  solid  fatty  acid,  20.25  lbs.  of  zein,  18  gallons  of  iso¬ 
propyl  alcohol,  and  1  gallon  of  water,  is  sprayed  on  the  rice  and  similarly 
dried.  Open  scoops  containing  270  lbs.  of  dry  ferric  pyrophosphate  wit  i 
405  lbs.  of  talc  are  then  run  into  the  trumbol  and  inverted,  and  after  the 
solid  material  is  well  dispersed  over  the  rice,  the  second  half  of  the  en¬ 
robing  solution  is  applied.  With  these  proportions  of  ingredients,  the 
final  product  has  a  content  per  pound  of  440  mg.  of  thiamin,  3,200  mg. 
of  niacin,  and  2,600  mg  of  iron.  The  premix  is  diluted  incrementally  with 
60-lb.  quantities  of  untreated  rice  in  the  1:199  ratio  by  proportionation 
weighing  (Fig.  114). 


Fig.  114.  Diagram  of  Blending  of  Premix  with  White  Rice 

The  quantities  of  enriching  agents  specified  in  the  above  description  ap¬ 
ply  only  to  one  procedure  commonly  used  in  the  United  States.  In  the 
Far  East  where  rice  enrichment  is  practiced,  different  amounts  of  vita¬ 
mins  are  used,  and  the  composition  of  the  coating  solution  is  modified  to 
meet  specific  local  needs,  both  nutritional  and  environmental. 

To  give  the  grains  of  enriched  rice  a  whiter  appearance  than  formerly, 
and  to  permit  addition  of  riboflavin  (in  spite  of  its  yellow  color)  to  the 
enriching  mixture,  the  protective  coating  may  contain  white  pigments 
such  as  calcium  phosphate,  talc,  and  titanium  dioxide  according  to  recent 
patents  ( Antoshkiw  1958;  La  Pierre  1955 ) . 

A  simpler  one-step  process  of  enriching  rice  is  also  practiced.  In  this 
process,  the  powdered  fortifying  ingredients  are  merely  tumbled  with 
dry  rice  until  they  are  uniformly  distributed  over  the  surface  of  the  grains 
to  which  they  ding  with  considerable  tenacity.  Such  a  coating,  however 
would  not  be  expected  to  pass  a  washing  test  as  specified  in  the  Puerto 
Rican  law.  In  other  localities  where  this  form  of  enriched  rice  is  sold 
precautions  against  rinsing  the  rice  before  cooking  appear  on  the  package 
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THE  FUTURE  OF  RICE  PROCESSING 

Current  practices  and  research  concerned  with  rice  processing  and 
products  indicate  an  active  interest  on  the  part  of  both  consumers  and 
technologists  in  this  interesting  cereal  and  what  can  be  done  with  it  to 
enhance  its  appeal  or  make  it  more  useful.  The  imaginative  thinker  can 
set  down  numerous  possibilities  where  rice  might  be  used  as  a  raw  ma¬ 
terial.  He  must,  however,  be  realistic  and  ask  himself  whether  the  prod¬ 
ucts  he  envisions,  edible  or  inedible,  could  not  be  made  just  as  well  from 
lower  priced  grains.  The  economic  factor  in  many  instances  will  rule 
out  rice  for  specific  purposes.  Thus,  it  is  improbable  that  rice  will  com¬ 
pete  on  a  broad  front  with  other  starchy  grains  in  the  non-food  field. 
Nevertheless,  it  does  possess  certain  inherent  characteristics  that  are 
unique  such  as  its  whiteness  and  the  extremely  small  size  of  its  starch- 
granules  that  may  be  important  in  specific  applications.  As  a  food-stuff 
it  has  qualities  which  have  made  it  preferred  to  wheat  as  a  basic  commod¬ 
ity  in  the  diet  of  vast  population  groups  despite  its  higher  cost.  This 
preference  for  rice  in  such  areas  is  probably  due  to  factors  other  than 
long  standing  food  habits.  Just  as  rice  has  attained  a  stiong  position  in 
the  formulation  of  baby  foods,  it  may  also  become  important  in  geriatric 
feeding  which  becomes  increasingly  important  as  the  span  of  human  life 
advances.  The  trend  toward  improving  the  nutritional  value  of  foods  is 
growing.  Progress  has  been  made  in  the  enrichment  of  food  stuffs  such 
as  rice  and  flour,  but  much  remains  to  be  learned  about  supplementation 
and  advances  in  our  knowledge  of  this  subject  are  certainly  in  the  offing. 
Rice  processing  for  various  purposes  has,  therefore,  a  bright  futme,  and 
the  years  ahead  will  doubtless  be  fruitful  ones  for  this  important  crop. 


1953.  Rice 
Food  Inds. 
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CHAPTER  17 


E.  J.  Abeling 


Manufacture  of  Special 
Dietary  Foods 


Consideration  of  special  dietary  foods  in  the  cereal  class  includes  those 
designed  and  developed  for  infant  and  geriatric  feeding.  The  first  of 
these  special  foods  was  developed  years  ago  by  a  physician  who  used  the 
product  in  an  orphanage  where  there  was  definite  need  for  a  highly  nutri¬ 
tious  food.  The  product  was  a  dried  pre-cooked  cereal  containing  added 
vitamins  and  minerals  for  babies.  Since  that  time,  baby  food  companies 
producing  infant  cereals  have  followed  this  pattern,  and  include  several 
varieties  in  their  line.  Some  of  these  are  oatmeal,  mixed  cereal,  barley 
cereal,  corn  cereal,  rice  cereal,  and  hi-protein  cereal. 

These  products  are  derived  from  single  grains  or  blends  of  mixed 
grains  combined  with  other  ingredients  for  flavor  and  nutritional  fortifi¬ 
cation.  Materials  used  by  various  manufacturers,  in  addition  to  the 
grains,  include  malt,  milk  solids,  vegetable  oil,  wheat  germ,  sugar,  cotton¬ 
seed  flour,  tri-  or  dicalcium  phosphate,  dried  yeast,  a  form  of  iron  such 
as  sodium  iron  pyrophosphate,  and  the  B  vitamins— thiamin,  riboflavin 
and  niacin.  The  formulas  and  manufacturing  procedures  are  carefully 
controlled  so  that  the  vitamins  and  minerals  are  present  in  sufficient  quan¬ 
tity  to  satisfy  certain  label  declarations. 

Infant  cereal  labels,  in  most  instances,  list  a  complete  proximate 
analysis  as  well  as  a  section  stating  the  percentage  of  minimum  daily 
requirements  for  some  of  the  vitamins  and  minerals  present  in  a  certain 
portion  of  the  product.  An  example  as  taken  from  a  leading  baby  food 
manufacturer’s  label  for  oatmeal,  is  shown  in  Table  84. 

It  is  interesting  to  observe  the  development  process  of  a  new  baby 
cereal  product.  Since  such  products  are  the  baby’s  first  solid  food,  they 
require  very  special  treatment.  In  formula  development,  therefore,  the 
following  factors  are  usually  given  primary  consideration: 

(1)  allergenicity  of  the  various  ingredients;  (2)  compatibility  of  the 
mixed  materials  to  give  desired  flavor  and  appearance  in  end  product; 
(3)  availability  of  raw  materials  used;  (4)  nutritional  aspects  o  1 
formula;  (5)  stability  of  the  formula  (shelf  life);  and  (6)  ease  o  manii- 

f ICtUTG  c 

'  The  period  of  development  for  an  infant  cereal  may  extend  from  a  tew 

E.  J.  Abeling  is  Director,  Research  and  Development,  Quality  Control,  Beeeh-Nut 
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Beech  Nut 


CORN  CEREAL 


Beech 


Bepoh-Nut 


OATMEAL 


Fig.  115.  Colorful  Packages  Help  Sell  Infant  Cereals 


Table  84 


APPROXIMATE  ANALYSIS  OF  OATMEAL  CEREAL 

Protein  (N  X  6 . 25),  per  cent .  16.5 

Carbohydrates,  per  cent .  63.3 

Fat  (acid  hydrolysis),  per  cent .  7  0 

Ash  (total  minerals),  per  cent .  5  7 

Crude  fiber,  per  cent .  1  3 

Moisture,  per  cent .  6  2 

Calcium,  per  cent .  0  8 

Phosphorus,  per  cent .  0  9 

Iron  (Fe),  per  cent .  0  05 

Calories  per  avoir,  oz .  jpg 

Thiamin  (B, )  mg.  per  oz . 0  46 

Riboflavin  (B2)  mg.  per  oz .  0  45 

Niacin,  mg.  per  oz .  j  'qq 

One  ounce  of  Oatmeal  Cereal  supplies  the  following  proportions 
ol  the  minimum  daily  requirements  of  each  vitamin  and  mineral 
named,  as  established  by  the  U.  S.  Food  and  Drug  Administration. 

Infants  Children 

(to  1  yr.)  (1_6  yrs.) 

Per  cent  Per  cent 

Thiamin  (B,)  184  09 

Riboflavin  (B2)  90  ! 

^r°n  1  1  «7 

Calcium  1 

Phosphorus  1 

Minimum  daily  requirement  not  established  for  ages  indicated. 


464 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


Table  85 


SPECIFICATIONS  FOR  OAT  FLOUR 


Product 

Product  obtained  by  the  processing  of  cleaned,  hulled  oats  under  strictly  sanitary  con¬ 
ditions  and  in  accordance  with  good  commercial  practice. 


Analysis 

Protein 

Ash 

Fat  (acid  hydrolysis) 

Fiber 

Moisture 


Per  cent 

16  to  17  ]  Range  jointly 

1.5  to  1.7  /  agreed  upon  by 
7  /  supplier 

1 .4  to  1 .7  l  and 

8  to  9  )  packer 


Properties 

Visual 

Odor 

Flavor 


Requirements 
Free  of  foreign  matter 
No  off  odor 
.No  off  flavor 


Deliveries  .  ,  ,  „  ,  ,  r  , 

All  deliveries  must  conform  in  every  respect  to  the  requirements  of  the  Federal  rood, 
Drug  and  Cosmetic  Act,  as  amended  and  regulations  promulgated  thereunder,  and  to  the 
requirements  as  given  under  the  properties  section  of  this  specification. 

In  addition,  deliveries  must  be  guaranteed  free  from  contamination  or  infestation 
of  any  kind.  Shipper  shall  he  responsible  for  the  proper  selection  of  clean  cars  and 
trucks  transporting  this  material. 


Containers 

Shall  be  packed  in  clean,  new 
foreign  matter,  clearly  labeled  and 


multiwall  paper  bags  adequately  closed,  free  from 
when  packed  shall  contain  50  lbs.  of  oat  flour  net 


weight. 


months  to  as  long  as  2  or  3  years  depending  on  the  problems  encountered, 
and  may  vary  in  accordance  with  the  requirements  and  policies  ot  the 
various  manufacturing  companies. 

Since  the  end  product  can  only  be  as  good  as  the  materials  which  make 
up  its  composition,  the  raw  materials  used  in  manufacturing  infant  and 

geriatric  cereal  foods  must  be  of  high  quality.  ,  . 

8  Only  reliable  suppliers  who  have  previously  been  established  as  s. 
factor!  sources  of  supply  can  be  used.  Specifications,  based  on  the  in¬ 
tended  use  of  the  ingredient  in  the  product,  are  furnished  to  the  supplier. 
ne  t  turn!  submit!  a  sample  of  the  material  for  the  cereal  manufac- 
.  ’  >  if  he  believes  it  meets  the  specifications. 

r  »»*,  - 

type  of  container  o  ’  teria]  deliveries  must  comply  in  every 

of 

rs:  ;:r.rr:=  - 
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Table  86 


SPECIFICATIONS  FOR  CORN  FLOUR 


Product  to  be  of  the  degerminated  type,  milled  from  yellow  shelled  corn.  1  he  corn 
used  is  to  be  clean,  sound,  and  free  from  seeds,  weeds,  other  grains  or  foreign  maternal, 
shall  conform  with  U.  S.  Official  Federal  Grain  Standards,  and  shall  be  milled  to  meet 
Federal  Standards  of  Identity  for  degerminated  corn  flour  and  Pure  Food  and  Drug 
specifications. 


A  nalysis 
Protein 

Fat  (acid  hydrolysis) 

Crude  fiber 

Ash 

Moisture 


Per  cent 
6  to  7 
2.0 

0.5  to  0.8 
0.5 

10  to  1 1 


Range  jointly 
agreed  upon  by 
supplier 
and 
packer 


Deliveries 

Deliveries  against  this  order  must  be  guaranteed  free  from  contamination  or  infesta¬ 
tion  of  any  kind.  Pesticide  residues  must  not  exceed  limits  established  by  federal 
tolerance.  Shipper  shall  be  responsible  for  the  proper  selection  of  clean  cars  and  trucks 
transporting  this  material. 

Product  is  to  be  packed  in  50-lb.  multilayer  paper  bags. 


Table  87 


SPECIFICATIONS  FOR  BAREEV  FLOUR 


Product 

Product  to  be  directly  milled  from  whole  grain  barley  into  the  flour  state.  It  shall 
be  cleanly  milled,  free  from  foreign  particles,  contamination  or  infestation  of  any  kind, 
and  shall  comply  with  all  Food  and  Drug  specifications. 


Analysis 

Protein 

Fat  (acid  hydrolysis) 

Moisture 

Crude  fiber 

Ash 


Per  cent 

1 1  to  12 

3.0 

11  to  12 
0.5  to  1 .0 
1  to  1.5 


(Range  jointly 
agreed  upon  by 
supplier 
and 
packer 


Deliveries 

Deliveries  against  this  order  must  be  guaranteed  free  from  contamination 

<;LanLkind-  ,1^.tl,clde  rcsidV«  ,mist  not  exceed  limits  established  uy  reaerat 
unni„rU„g  Zr,m.er!ar  reS|J"m">le  tor  lhe  ProP«  of  cleat,  cars  and  trucks 

Product  is  to  be  packed  in  50-lb.  multiwall  paper  bags. 


or  infesta- 
by  federal 


quirccl  grade  and  potencies.  Typical  specification  sheets  for  various 
grains  and  Hours  are  shown  in  Tallies  85,  86,  87  and  88. 

As  raw  materials  are  received  at  the  manufacturer's  plant,  representa¬ 
tive  samples  are  drawn  from  each  lot  and  examined.  This  is  to  deter¬ 
mine  whether  the  material  meets  specifications  and  whether  it  will  be 
sat,  factory  for  the  product.  An  important  factor  kept  in  mind  is  the 
declared  values  on  the  labels  of  the  end  product  making  it  doubly  im 
portant  for  the  raw  materials  to  meet  the  requirements 

Among  the  routine  tests  run  on  samples  of  incoming  lots  of  flour  I 
grams  by  the  quality  control  laboratory  are-  ” 
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Table  88 

SPECIFICATIONS  FOR  WHEAT  FLOUR 


Product 

Product  to  be  obtained  by  milling  clean,  soft  winter  wheat  under  strictly  sanitary  con¬ 
ditions  and  in  accordance  with  good  commercial  practice. 


Analysis 

Protein 

Ash 

Fat 

Crude  fiber 
Moisture 


Per  cent 

8  to  9  |  Range  jointly 

0.40  to  0.50  I  agreed  upon  by 
>  supplier 
0.3  to  0.6  \  and 

12  to  15  )  packer 


Properties 

Color 

Visual 

Odor 

Flavor 


Requirements 
White  to  light  tan 
Free  of  foreign  matter 
No  off  odor 
.No  off  flavor 


Deliveries  .  .  .  .  , 

All  deliveries  shall  comply  in  every  respect  to  the  requirements  and  provisions  ot  me 
Federal  Food,  Drug  and  Cosmetic  Act  as  amended,  and  regulations  promulgated  there¬ 
under. 


C°ShalTbe  packed  in  clean,  new  50  lb.  net  weight  multiwall  paper  bags.  Shipper  is 
responsible  for  the  selection  of  clean  railroad  cars  or  trucks. _ 


1.  Insect  Counts.— Insects  and  insect  fragments  are  extracted  from  a 
weighed  portion  of  material  with  special  techniques  and  equipment,  and 
counted  by  microscopic  examination.  Values  are  reported  as  number  of 

fragments  per  50  or  100  gm.  , 

2.  Visual  Examination.— Materials  are  visually  examined  or  color, 

speckiness,  and  foreign  matter.  Railroad  cars  or  trucks  in  which  the  ma- 

terial  is  shipped  are  also  inspected.  }  . 

3.  Proximate  Analysis-Official  chemical  methods  are  used  to  deter¬ 
mine  amounts  present  in  each  of  the  following;  protein,  ash,  crude  fibe  , 
moisture  and  fat.  Materials  other  than  the  grains  and  flours  such 
milk  solids  dried  yeast,  wheat  germ  and  others  may  be  checked  for  cer¬ 
tain  specific  things  such  as  protein  content,  fat  content,  and  certain 

m  When  "raw  materials  received  do  not  meet  specifications,  -lections  are 

^  ^  ** 

used  °i  n'th  e^rn  a  mi  f  ac  t  u  r  c  Xhe^special  cereals  require  the  same  storage 
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Fig.  116.  Drum  Drier  for  Infant  Cereal 


temperature.  Some  are  satisfactory  at  room  temperature  while  others 
should  he  stored  at  45  to  50  F.  It  is  important  to  control  inventories 
since  lengthy  storage  can  sometimes  be  detrimental  to  certain  ingredients. 

Once  raw  materials  have  been  approved  for  use,  production  of  the 
cereals  can  begin.  In  the  cereal  ingredients  room,  those  materials  used 
in  small  amounts  per  batch  are  carefully  weighed,  placed  in  a  small  con¬ 
tainer  and  identified  by  product  name  and  batch  number.  It  will  con¬ 
tain  the  minerals,  vitamins,  salt,  and  other  minor  ingredients. 

Approximately  150  gallons  of  water  is  drawn  into  a  mixing  tank.  With 
the  agitator  in  motion,  tire  amount  of  grain  and  Hour  per  batch  is  sifted 
into  the  tank  along  with  the  contents  of  the  container  referred  to  above 
making  a  slurry  of  300  lbs.  of  dry  material  to  150  gallons  of  water.  At 
this  point,  the  batch  may  be  pumped  to  a  pressure  kettle  where  it  is  com¬ 
pletely  cooked  (for  example,  10  to  20  minutes  at  atmosphere  or  under 

pressure )  or  ,t  may  remain  in  the  original  kettle  where  a  similar  or  longer 
cooking  process  takes  place. 

After  cooking  is  completed,  the  batch  of  cereal  is  pumped  to  atmos- 
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pheric  drum  driers.  This  piece  of  equipment  is  composed  of  a  set  of 
rotating  hollow  steel  drums,  heated  internally.  The  length  of  time  neces- 

WEIGHING  OF  INGREDIENTS 


SIFTING 


BLENDING  KETTLE 


GOOKING  KETTLE 


DRYING  ROLLS 


FLAKING  MACHINE 


PACKAGING  LINE 


AUTOMATIC  CASER 

Fig.  117.  Flow  Diagram  for  Infant  Cereal  Produgtion 

s  ,rv  to  pump  out  a  complete  batch  of  cereal  varies  according  to  the  dry- 
inc  capacity  or  rate  of  the  cereal.  This  ranges  (according  to  the  variety 
of  cereal)  from  20  to  40  minutes.  The  cereal  is  pumped  between  the 
two  drums  which  dry  the  product  in  a  thin  sheet  as  they  rota  e.  Th 
sheets  are  removed  from  the  rolls  by  knife  blades  and  conveyed  to  a  flak¬ 
ing  machine.  Here  the  sheets  are  broken  into  small  flakes  wh.c  i  vary 
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size,  depending  on  cereal  variety  and  manufacturer.  At  this  point,  the 
flaked  cereal  may  be  conveyed  directly  to  the  packaging  line  or  placet  in 

clean  storage  drums  for  later  packaging. 

Modern  packaging  lines  can  be  equipped  to  accomplish  a  multiple 
operation.  They  may  assemble  the  package  and  seal  the  bottom,  insert  a 
pouring  device,  fill  the  box  with  product,  seal  the  top  and  in  some  cases. 


wrap  the  package. 

Fig.  117  is  a  How  sheet  of  a  cereal  production  line. 

Variations  of  the  general  description  just  given  occur  between  manu¬ 
facturers.  Since  formulas  for  a  given  product  are  different,  according  to 
the  brand,  there  will  necessarily  be  some  differences  in  the  manufactur¬ 
ing  methods.  The  first  step  of  weighing  and  blending  is  fairly  standard. 

The  cooking  procedure  may  vary  however,  in  temperature,  length  of 
cook,  and  amount  of  water  used.  The  characteristics  of  the  cooked  cereal 
influence,  of  course,  the  drying  process.  Temperature  and  speed  of  the 
drier  rolls  may  be  adjusted  and  these  variables  also  affect  the  product 
produced.  For  example,  the  thickness  of  the  sheet  of  cereal  as  removed 
from  the  drier  roll  influences  the  reconstitution  properties  of  the  finished 
cereal,  the  volume  for  packaging,  and  the  texture  of  the  end  product. 
The  size  of  flake  may  have  the  same  effects. 

Color  and  flavor  of  the  end  product  may  be  influenced  by  length  and 
temperature  of  cooking  as  well  as  drying.  Variation  in  drying  can  also 
affect  the  moisture  content  of  the  end  product  which  should  be  care¬ 
fully  controlled. 

Sanitation  of  production  areas  is  just  as  important  as  specified  for  stor¬ 
ages.  Modern  plants  have  vacuum  cleaning  systems  installed,  particularly 
in  drying  and  packaging  areas.  Infestation  must  be  carefully  watched  and 
proper  control  methods  maintained. 

Rigid  quality  control,  both  in  process  and  on  finished  product  is  fol¬ 
lowed  in  packing  cereals  for  babies  and  for  geriatric  use.  During  manu¬ 
facture,  the  process  is  carefully  followed  by  quality  control  personnel 
usually  assigned  to  a  specific  area.  Some  manufacturers  go  so  far  as  to 
have  the  vitamin  and  mineral  ingredients  weighed  by  laboratory  person¬ 
nel.  Constant  checks  are  maintained  on  processing  conditions  while  the 
cereal  is  “in  process.” 


At  the  packaging  line,  weights  are  checked  at  regular  intervals  and 
packages  examined  to  determine  whether  a  satisfactory  job  lias  been  done 
Required  adjustments  are  made  on  the  spot. 

The  finished  product  itself  receives  elaborate  attention  from  the  quality 
control  laboratory.  Representative  samples  are  drawn  from  each  run 
and  a  complete  proximate,  vitamin  and  mineral  analysis  conducted  This 
>s  done  to  insure  that  the  label  declaration  has  been  satisfied.  Testing 
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is  conducted  in  accordance  with  official  methods,  most  of  which  are 
chemical,  although  in  the  case  of  the  vitamins,  microbiological  techniques 
are  sometimes  used. 


Fig.  118.  Final  Inspection  of  the  Package  of  Baby  Cereal 


In  addition  to  routine  checks  for  label  information,  the  follow ing  func 
tions  are  usually  performed  at  regular  set  intervals  during  a  production 

"T  Insect  Counts  and  Examinations  for  Foreign  Matter.-These  are 

not  mere  visual  examinations.  Samples  are  subjected  to  elaborate i  exac¬ 
tion  procedures  after  which  the  recovered  material  ( if  any )  is  ‘ 
on  a  filter  paper  and  carefully  examined  with  a  microscop  . 
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technical  personnel  conduct  these  tests  and  report  their  findings  immedi- 

at^.y Appearance.— Samples  are  spread  out  on  special  trays  and  visually 
examined  for  signs  of  lumps,  scorched  particles,  color,  and  flake  size. 

3.  Reconstitution  Properties.-Directions  are  sometimes  given  on  t he 
label  for  suggested  proportions  of  cereal  to  liquid  when  preparing  t  le 
product  for  feeding.  Warm  milk  may  be  used  for  mixing  with  the 
cereal  to  test  its  characteristics  in  this  respect.  Uniformity  should  )e 
maintained,  and  the  product  should  reconstitute  with  ease. 

4.  Flavor  and  Texture.-While  the  cereal  is  in  process,  constant  tests 
for  flavor  and  texture  are  made  by  quality  control  personnel.  Deviations 
from  the  normal  must,  of  course,  be  immediately  corrected.  Following 
this,  samples  are  submitted  on  a  daily  basis  to  larger  groups  making  up 
a  taste  panel.  The  primary  purpose  of  this  panel  is  to  judge  whether  the 
product  is  within  normal  range  of  flavor  and  texture  for  the  particular 
product.  Accurate  records  are  maintained. 

5.  Net  Weight  and  Fill  of  Container— Here  again,  it  is  necessary  to 
keep  a  constant  check  since  there  is  the  possibility  of  variation  due  to 
some  of  the  following:  (a)  filling  machine  adjustment;  (b)  package 
variation;  and  (c)  characteristics  of  the  product. 

Weighing  devices  are  usually  installed  in  the  packaging  line  with  an 
inspector  carrying  out  this  function.  In  addition  to  this,  however,  sample 
packages  may  be  withdrawn  from  the  line,  brought  to  the  laboratory  and 
examined  both  for  net  weight  and  fill  of  container. 

Table  89  shows  a  typical  form  used  to  record  daily  quality  control  data. 

6.  Reference  Samples.— Some  laboratories  have  adopted  the  practice  of 
drawing  several  sample  packages  daily  during  packing  operations  and 
retaining  them  as  shelf  samples  for  future  reference.  These  are  often 
valuable  as  representative  samples  of  the  run. 

7.  Trade  Samples.— It  is  a  practice  with  some  quality  control  labora¬ 
tories  to  periodically  sample  the  product  in  distribution.  Trade  samples 
may  be  sent  into  the  laboratory  from  various  sales  areas  for  a  check  on 
product  and  package. 

8.  Competitive  Testing.— One  of  the  major  points  of  interest  in  market¬ 
ing  a  food  product  is  its  rating  as  compared  to  the  competition.  This  is 
especially  true  in  the  field  of  special  dietary  foods,  particularly  baby 
foods,  which  represent  a  highly  competitive  market.  It  is,  therefore,  good 
practice  to  make  comparisons  with  competitive  products  at  regular  inter¬ 
vals.  To  avoid  bias  or  unfair  comparisons,  all  samples  (the  product  and 
its  competitors)  should  be  obtained  from  retail  outlets.  This  may  be  done 

t  rough  the  sales  department  whose  personnel  can  purchase  the  products 
and  send  them  to  the  laboratory. 
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Table  89 

DAILY  QUALITY  CONTROL  RECORD 


Product__ _ Date. 

Per  cent 

Protein  _ 

Carbohydrate 

Fat  - 

Ash  _ 

Crude  Fiber 

Moisture  _ 

Phosphorus  _ 

Iron  _ 


Calories 

Per  oz. 

Thiamin 

Mg.  per  oz. 

Riboflavin 

Mg.  per  oz. 

Niacin 

Mg.  per  oz. 

Time  Insect 

Flavor 

Per 

of  Count 

and 

Reconstitution 

Net 

cent 

Sample  No./50  gm. 

Appearance  Texture 

Properties 

Weight 

Fill 

There  are  several  methods  that  can  be  used  to  run  comparisons  hy  panel 
testing  and  undoubtedly  these  are  in  use  in  various  laboratories.  One 
method  is  described  as  follows: 


The  technician  conducting  the  test  marks  the  samples  with  a  code  so 
that  only  she  knows  the  identity  of  the  samples.  Weighed  portions  of 
cereal  are  placed  in  bowls  marked  with  the  same  code.  Measured  poi- 
tions  of  warm  milk  are  added  to  obtain  the  correct  ratio  of  cereal  to  liquid 
and  then  mixed.  Portions  are  presented  to  the  panel  tester  marked  hy 
code  so  that  he  does  not  know  which  brand  he  is  testing.  Along  with  the 
samples  to  be  tested,  he  is  given  a  ballot  on  which  to  record  his  evaluation. 
The  tester  merely  checks  the  rating  which  he  feels  applies  tor  eaci 
sample.  In  evaluating  results  of  panel  tests,  it  is  well  to  assign  a  numerical 
rating  to  each  of  the  categories  listed  (excellent,  good,  fair,  and  pom). 
By  this  means,  each  sample  evaluated  receives  a  numerical  value  and  the 

final  comparisons  are  more  meaningful. 

Panel  testing  should  be  conducted  in  a  separate  room  equipped  witl 


special  facilities.  Some  of  these  are: 

1  Air  conditioned  and  not  subjected  to  odors.  It  has.  of  course  bee 
established  that  there  is  a  close  relationship  between  taste  and  od 
so  that  an  interference  of  this  type  could  influence  the  testers  judg- 

ment. 
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2.  Special  lighting.  When  two  or  more  samples  vary  in  color  or  appear¬ 
ance,  the  tester  is  influenced.  To  avoid  this,  red  lights  may  be  used 
which  rule  out  these  differences  to  a  great  extent. 

3.  Separate  booths  for  each  tester.  This  eliminates  distractions,  and 
permits  concentration  on  the  test. 

Panel  members  need  not  necessarily  be  exclusively  laboratory  personnel. 
They  may  be  drawn  from  various  sections  of  the  company  such  as  offices, 
sales  department,  and  production  department  and  should  be  considered 
a  consumer  panel. 

It  may  be  seen  from  this  description  of  the  quality  control  program 
that  should  be  maintained  in  producing  these  special  cereal  products  that 
a  good  technical  department  is  necessary.  The  procedures  and  methods 
used  require  a  well  equipped  chemical  laboratory  and  a  well  trained 
staff.  The  size  of  the  manufacturing  operation  and  the  number  of  prod¬ 
ucts  produced  can  determine  how  large  a  laboratory  staff  is  needed  but 
most  of  the  laboratory  facilities  are  needed  whether  the  operation  is 
large  or  small. 

As  previously  stated,  these  special  cereals  were  developed  for  a  specific 


purpose  and  were  fortified  with  certain  vitamins  and  minerals.  Infant 
cereals  today  are  fortified  with  calcium,  phosphorus,  and  iron  and  vitamin 
B  complex.  Amounts  added  furnish  significant  percentages  of  the  mini¬ 
mum  daily  requirement  per  ounce  of  product.  Many  pediatricians  feel 
that  the  iron  and  B  vitamins  contribute  certain  essentials  to  the  diet 
( Sniveley  and  Lynch  1953)  and  are  the  most  valuable  of  the  additives. 
Calcium  is  not  required  as  much  by  the  artificially  fed  baby  as  it  is  by  the 
breast  fed  baby  where  supplementation  may  be  useful  (Jeans  and  Mar¬ 
riott  1947).  Since  these  cereals  are  usually  the  baby’s  first  solid  food, 
it  is  well  that  these  fortified  products  are  available. 


By  far,  the  largest  portion  of  these  products  are  purchased  for  feeding 
babies.  One  of  the  purposes  of  adding  solid  food  to  the  baby’s  diet  is 
to  acquaint  him  with  foods  of  a  different  consistency,  texture  and  taste 
than  those  of  liquids.  Cereal  is  usually  the  first  solid  food  offered  and 
due  to  its  convenience  has  many  advantages  to  the  mother.  They  can  be 

fed  without  waste  in  any  amount  desired  and  since  they  are  pre-cooked 
are  easily  prepared  for  feeding. 

( leans' 1950°/  Tl‘  "n  **  °CCUrS  at  about  ‘he  third  month 

(Jeans  1950).  Only  small  amounts  are  used  at  the  start,  gradually  in¬ 
creasing  as  the  mfant  grows  older.  Mothers  usually  follow  the  pediatri- 
n  s  ildv,ce  as  to  when  cereal  feeding  starts  and  oftentimes  begin  with 
a  smgle  gram  cereal  rather  than  a  mixture.  This  is  particularly  "rul  i 

avoid  mixtiires'at'the  start6S  ^  ^  ^  ^  ^  to 
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In  many  cases,  these  special  cereals  are  used  by  older  children  since 
they  make  an  excellent  hot  cereal  and  are  so  easily  prepared. 

The  most  extensive  use  other  than  for  infants  is  undoubtedly  by  older 
people.  These  people,  many  of  whom  live  alone  on  limited  incomes,  find 
a  fortified,  convenient  food  of  this  type  extremely  appealing.  No  elabo¬ 
rate  facilities  are  needed  to  prepare  them  and  they  are  economical  to 
use. 

Pre-cooked  infant  cereals  also  have  other  uses,  particularly  in  special 
diets,  some  of  which  are:  (1)  soft  diets  following  disease  or  surgery;  (2) 
diet  following  dental  extraction;  (3)  diet  for  gastro-intestinal  diseases; 
(4)  ulcer  diet;  (5)  low  sodium  diet  (some  varieties  only);  and  (6)  spe¬ 
cial  allergy  diets  (single  grain  varieties).  Many  consumers  have  found 
uses  for  these  products  in  recipes  and  some  delicious  cookies,  muffins, 
and  desserts  can  be  made  with  them.  They  have  been  found  useful  as 
thickening  ingredients  for  soups,  sauces,  and  meat  loaf. 

Modern  infant  cereal  products  have  come  a  long  way  from  the  early 
concepts  of  the  baby’s  first  solid  food,  and  are  accepted  today  as  a  regular 

part  of  the  infant  diet. 
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CHAPTER  18 


Paul  R.  Witt,  Jr. 


Malting 


INTRODUCTION 

The  process  of  malting  consists  of  the  controlled  germinating  and, 
usually,  the  subsequent  drying  of  a  seed.  The  seed  most  generally 
used  is  barley,  although  small  quantities  of  wheat  and  rye  are  also 
processed. 

This  chapter  discusses  the  purposes  of  malting  and  the  physical  means 
employed  to  induce  the  change  in  the  properties  of  the  kernel  which 
maltsters  refer  to  as  modification.  While  the  term  “modification”  has  been 
associated  with  the  physical  properties  which  characterize  a  good  malt, 
it  definitely  includes  all  those  changes  in  colloidal  state  and  chemical 
composition  which  the  constituents  of  barley  undergo  during  malting. 
These  changes  are  not  confined  to  the  germinating  period  but  continue 
during  the  early  stages  of  kiln  drying  and  they  markedly  affect  flavor, 
color  and  a  number  of  aspects  of  chemical  composition.  The  conversion 
of  grain  to  malt  is  essentially  physiological  in  nature  and  is  a  result  of 
the  action  of  enzymes. 

In  the  subsequent  discussion,  the  emphasis  will  be  placed  on  malting 
practices  in  North  America  and  specifically  in  the  United  States,  unless 
otherwise  noted.  Reference  will  be  made  to  malting  barley  varieties, 
mechanical  means  for  preparing  the  barley  for  malting,  the  actual  steps 
of  processing,  the  variations  in  processing  which  affect  quality  and  the 
merchandising  of  malt  as  related  to  process  methods. 


cAKLEY  VARIETIES 

Generally  speaking,  commercial  malt  as  it  enters  channels  of  distribu¬ 
tion  consists  mostly  of  the  variety  Kindred  or  of  a  blend  of  several 
varieties  m  which  Kindred  is  predominant.  In  the  1958  crop  year  there 
was  produced  a  large  acreage  of  the  variety  Traill  which  is  acceptable  as 
malting  barley.  It  is  difficult  to  distinguish  Traill  from  Kindred  and  no 

.I..™""  "  ”p“"“  . . . »  ..I 

“it!  zssz  ri  ;•  i“« 

— — 1  HC‘  hUter  are  tW°'r0W  Varieties  and  are  frequently  included  to 
R  WlT"  Jl"  iS  T“  Astern  Malt  and  Grain  Co.,  Chicago. 
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serve  as  extract  boosters.  Some  consider  their  admixture  as  a  factor 
contributing  flavor  and/or  foam  sustaining  characteristics. 

Kindred  is  mainly  grown  in  the  Red  River  Valley  of  North  Dakota  and 
in  southwestern  Minnesota  and  northeastern  South  Dakota.  It  is  a  white 
aleurone  barley  with  relatively  high  potential  enzymatic  activity  and  it 
modifies  well  during  malting.  Barley  selected  for  malting  is  usually 
within  an  approximate  protein  range  of  12.0  to  13.5  per  cent.  However, 
satisfactory  malts  have  been  prepared  from  grain  beyond  these  limits. 

At  present,  almost  all  of  the  Montcalm  originates  in  the  prairie  prov¬ 
inces  of  Canada.  It  is  a  blue  aleurone  barley  usually  of  lesser  enzymatic 
activity  than  Kindred  and  lends  itself  well  to  modification.  The  approxi¬ 
mate  protein  range  observed  for  good  to  satisfactory  malting  barley  has 
been  11.5  to  13.5  per  cent. 

Hannchen  is  grown  in  the  Klamath  and  Willamette  Valleys  of  Cali¬ 
fornia  and  Oregon,  while  most  of  the  Hanna  is  produced  in  the  Palouse 
and  Camas  areas  of  Idaho. 

Both  are  converted  into  mellow  and  well  modified  malts.  During  the 
past  several  years,  Canada  has  exported  Hannchen  to  the  United  States. 
Due  to  cheaper  transportation  by  water,  the  Canadian  Hannchen  is  less 
costly  and  sound  barley  of  this  type  results  in  malt  of  satisfactory  modih- 

CaThe  variety  Atlas,  relatively  low  in  laboratory-determined  enzymatic 
activity,  is  grown  and  malted  in  California  and  in  a  small  area  of  Mexico. 
When  used  in  brewing,  it  is  generally  mashed  in  conjunction  with  Mid¬ 
western  malt  (Kindred  or  a  mixture  of  Kindred  and  M°ntoalm). 

A  review  of  other  barleys  used  in  malting  includes  Olh  ( Canadian 
origin),  O.A.C.  21  and  the  varieties  which  have  recently  presented  them¬ 
selves— Traill,  Parkland  and  the  two  row  Betzes. 

\  more  complete  description  of  the  agronomical  and  morphological 

aspects  of  barlev  varieties  is  included  in  Chapter  4  entitled  Barley.  Adc  i- 
.■  1  ,  (,ptails  c.m  be  found  in  “Classification  of  Barley  Varieties  Giown  in 

rUnS  s^st a  Canada  in  1945”  and  “Barley  Variety  Dictionary 

(  Requirements  governing  commercial  trading  of  baLlcy  a.e  lis^“  *, 

“United  States  Official  Cram  grades”  (Anon, 

information  is  available  in  the  western 

1926). 

. . 
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barley  crop  before  harvest.  Knowledge  thus  gained  provides  the  buyer 
with  information  as  to  origin  of  sound  and  plump  grain. 

Soundness  is  an  expression  which  in  its  strictest  sense  means  viability 
or  germinating  capacity,  but  it  has  been  augmented  to  include  relative 

freedom  from  mold  or  mold  damage. 

Total  protein  content  is  also  determined  as  extensively  as  sample  ac¬ 
crual  and  laboratory  facilities  permit.  The  resulting  data  can  be  arranged 
as  a  varietal-origin-protein  map  and  the  maltster  can  resolve  his  storage 
or  binning  program  with  respect  to  arbitrary  ranges  within  a  variety. 

As  a  result  of  practical  experience  and  from  knowledge  gained  by  pilot 
or  experimental  malting,  the  maltster  can  establish  an  area  of  demarcation 
where  perhaps  all  samples  analyzing  12.8  per  cent  or  under  will  qualify 
as  “low"  protein  and  those  above  as  “high.”  A  statistical  mean  is  not 
necessarily  the  most  desirable  way  to  set  up  limits  between  lots  of  barley. 
While  the  degree  of  modification  of  malt  is  obviously  related  to  the  crop 
year,  adaptability  of  a  barley  type  to  the  individual  physical  plant  and  to 
the  methods  of  malting  is  more  important  when  segregating  according  to 
protein  content. 

In  years  when  growing  conditions  have  been  affected  by  considerable 
local  variations  in  weather,  maltsters  have  sought  to  achieve  malt  uni¬ 
formity  by  binning  and  malting  selected  protein  ranges  of  a  definite 
variety  originating  in  distinct  growing  areas.  For  example,  in  some  years 
it  has  been  found  that  mature  Kindred  barley  of  12.8  to  13.2  per  cent 
protein  originating  in  the  Red  River  Valley  in  the  general  vicinity  of 
Faigo,  North  Dakota,  modified  more  readily  than  comparable  Kindred  of 
12,3  to  12.5  per  cent  from  an  area  adjacent  to  Bismarck,  North  Dakota, 
where  diier  weather  conditions  are  frequently  experienced. 

Generally  speaking,  it  is  thought  that  barleys  of  lower  protein  content 
modify  more  readily. 

Dormancy  and  “newness”  are  factors  to  be  considered  when  readying 
arleys  for  malt  processing.  True  dormancy,  which  is  revealed  by  the 
lack  of  response  to  germination  by  sound  barley,  is  thought  to  be  related 
to  variety,  geographical  origin  and  to  drying  and/or  earliness  of  harvest 
Dormancy  has  been  shown  to  be  related  to  the  accessibility  of  oxygen 

CaUSeS  °f  dormancy  in  seeds  have  been  studied  by 

rwsrstsas  ir;;s  ar* « •*  - 


as  ion. 
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In  practical  operations,  dormancy  has  been  treated  by  washing  the 
barley  in  lime  water,  rinsing  with  water  and  then  adding  water  acidified 
to  pH  2.5  with  sulfuric  acid.  The  steeping  barley  is  agitated  with  com¬ 
pressed  air  or  other  mechanical  means  and  the  acidified  water  decanted 
after  three  to  five  hours. 

Custom  in  the  malting  industry  has  demanded  that  barley  “go  through 
the  sweat”  prior  to  qualifying  as  ready  for  malting.  Since  good  practice 
demands  selection  of  grain  which  is  dry  and  since  barley  is  freed  from 
contaminating  seeds  and  foreign  material  which  may  still  be  green  (weeds, 
etc. ) ,  very  little  if  any  actual  sweating  is  observed  in  present-day  termi¬ 
nal”  barley  storage. 

Yet,  sound  barley  will  still  produce  undesirable  malt  if  malted  too  soon 
after  harvest  even  though  it  may  germinate  vigorously  and  uniformly. 
Undermodification  and  hazy  laboratory  worts  frequently  characterize 
malts  prepared  from  immature  barley. 

Sound  and  bright  Kindred  barley  when  malted  under  comparable  con¬ 
ditions  at  different  times  after  harvest  yielded  malts  whose  quality 


characteristics  are  described 

in  Table  90. 

Table  90 

EFFECT  OF 

PROGRESSION  OF  MATURATION  OF  NEW  CROP  BARLE'i  ON 

MALT  QUALITY 

Soluble/ 

Wort 

Clarity 

Steep 

Date 

Germination 

Per  cent 

Extract 

Per  cent 

Total  Protein 

Per  cent 

Aug.  21 

Sept.  21 

Oct.  15 

97 

99 

99 

72.5 

73.5 

74.3 

35.5 

37.5 

39.2 

Hazy 

Slightly  hazy 
Clear 

In  all  probability,  the  “sweat”  period  customarily  referred  to  is  in 
actuality  an  “after-ripening.”  Eckerson  (1913)  studied  m.crochemicahy 
the  alterations  accompanying  the  after-ripening  of  seeds  and  noted  that 
the  initial  change  in  embryo  was  an  increase  in  acidity.  ns  v'  ‘ 
lated  with  an  increased  water-holding  capacity  and  an  increase  in  he 
activity  of  catalase  and  peroxidase.  Near  the  end  of  the  W"® 
period  there  was  a  sudden  increase  in  acidity  and  in  water  absorbing 

ability  and  oxidase  made  its  first  appearance. 

In  actual  commercial  practice  many  maltsters  accept  as  a  rule  the 
ment  of  malting  “new”  crop  barley  until  about  October  15. 

CLEANING  AND  GRADING  OF  BARLEY 

1  ,  ,1  that  accented  practice  demands  that  each  barley 

It  has  been  noted  that  accepr  I  vnriptv  be  segregated 

variety  be  stored  separately  and  that  types  within  a  va.iety  seg 
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as  to  protein  level  and  in  some  instances  as  to  geographical  origin;  that 
barley  must  be  dry  (under  14  per  cent  moisture)  at  time  of  storage  and 
that  it  he  cleaned  of  dust  and  weed  seeds  of  high  moisture  content  before 
binning. 


Fig.  119.  Cleaning  and  Grading  Barley  Prior  to  Malting 


The  act  of  grading  or  kernel  sizing  prepares  the  barley  for  malt  process- 
ing  the  initial  step  of  which  is  steeping  or  soaking.  Barley  is  classified  as 

rocoss  ir  !a  M  primaril,y  t0  assure  ‘"'iformity  during  the  malting 
1  iccss  It  is  probably  coincident  to  the  barley  grading  that  the  price 

uc  ure  governing  the  marketing  of  malt  has  been  established 

is  oltnZt %  m  BaainS’.a  '!0W  Shee!  of  one  P°ssi.ble  Procedure 
enters  a  scalping  machine  a/( A)  fromTe’bin  and'is  fed 
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Fig.  120.  Section  of  a  Carter  Disk 

roughage.  Roughage  is  then  carried  over  at  (B),  to  the  rescalping  reel 
(D).  Aspiration  takes  place  at  (E),  where  the  grain  leaves  the  seal  gate 
in  an  evenly  spread  stream  through  which  a  current  of  aii  is  c  i awn. 
light  screenings  are  carried  up  the  aspirating  leg  and  the  heavier  grain 
drops  back  into  the  main  grain  stream,  thus  effecting  light  screenings  re¬ 
moval.  The  air  from  settling  chamber  (F)  is  drawn  into  the  fan  through 
inlet  (H).  The  fan  exhausts  into  a  dust  collector.  Rapid  expansion  o 
air  in  the  settling  chamber  (F)  allows  screenings  to  drop  to  the  botta 
where  they  leave  the  machine  by  screw  conveyor  (G).  Th i  volume  of 
air  passing  through  the  grain  at  (E)  may  he  controlled  by  adjusting  the 
by-pass  valve  (M)  through  which  air  enters  the  suction  tabe^ 
To  achieve  a  more  thorough  cleaning,  grain  horn  it  ca  j  ■ 
may  be  permitted  to  pass  through  a  Eureka-type  cleaner.  Country-run 
grain  may  also  be  passed  directly  to  this  machine. 

The  Eureka-type  cleaner  consists  of  parallel  sieves  w’  1  ‘ 

jss*  ”  •  •“«“  »  «■* — 1  •  nsst  s" :: 

f  vH/r  8rs  r— r 
-rr  "S  5  tss: . . . 
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of  Voi  to  u,/64  inches.  It  permits  removal  of  larger  stones,  straw  ends, 
ears,  etc.  The  middle  screen  permits  passage  of  barley  and  smaller  seec  s, 
but  serves  to  eliminate  some  larger  grains  such  as  corn.  The  lower  screen 
usually  contains  triangular  openings  so  that  it  .retains  the  barley  but 

sifts  out  seeds  such  as  flax,  mustard,  etc. 

After  the  barley  leaves  the  Scalperator  or  the  Eureka-type  cleaner,  it 
is  directed  to  machinery  designed  to  separate  wheat,  oats,  seeds  and 
broken  barley  from  the  usable  barley.  An  example  of  a  machine  used  foi 
this  purpose  is  the  Carter  Disk  Separator,  which  takes  advantage  of 
length  difference  between  various  materials. 


Fig.  121.  Principle  of  Separation 
by  the  Carter  Disk 


Figure  120  is  a  view  of  the  mechanics  of  disk  separation.  While  the 
picture  shows  a  mixture  of  wheat  and  weed  seeds,  the  mixture  being 
separated  can  be  construed  to  be  barley  and  oats.  The  barley  fits  into 
the  pockets  of  rotating  vertical  disks  and  is  lifted  from  the  mixture  while 
the  oats  are  too  long  to  fit  into  the  pockets  and  are  rejected. 

1  lie  principle  of  operation  of  Carter  Disk  is  depicted  in  Fig.  121  and 
shows  how  materials  such  as  oats  are  removed. 

e  Hart  Uni  Flow  Cylinder  Separator  is  another  example  of  a  ma- 
chme  designed  to  remove  wheat,  oats,  and  broken  kernels  from  barley 

1  j'  '  ustrates  rt>e  1'fHng  of  material  by  the  Uni-Flow  indents  (A) 
and  the  deposing  of  it  into  a  conveyor  trough  (11).  The  position  of  the 
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separating  edge  (C)  of  the  trough  is  one  factor  controlling  the  fineness 
or  coarseness  of  the  separation  to  be  made.  The  position  of  the  separating 
edge  can  be  raised  for  finer  separations  or  lowered  for  coarser  separations. 


Fig.  122.  Hart  Uni-Flow  Cylinder  Separator 

Material  lifted  by  Uni-Flow  cylinder  indents  (A)  is  deposited 
in  the  conveyor  trough  ( B ) .  The  position  of  the  separating 
edge  ( C )  of  the  trough  is  one  factor  in  controlling  the  hne- 
ness  or  coarseness  of  the  separation  to  be  made.  The  position 
of  the  separating  edge  can  he  raised  for  fine  separations; 
lowered  for  coarser  separations. 


After  cleaning  in  the  disk  or  cylinder-type  machine,  the  barlev  theo¬ 
retically  contains  as  the  only  contaminant  barley  kernels  too  small 

To  effectively  separate  barley  into  sizes  insuring  uniform  malt  modify 
cation,  the  effluent  barley  after  wheat  and  oat  removal  panes  into ^a  si 
flat  sieve  or  cylindrical  sieve.  Most  modern  processmg  plants^  pY 
Eureka  Ring  graders  or  Hart-Carter  Precision  giac  os.  ‘ 
the  Precision  grader  provides  a  desirable  method  of  sizing  barie.  . 

seeds,  elc.  hy  treatment  on  the  Eureka  tleota :  r,  -  * \  ‘  is 

s; -  - 
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may  be  7V2/64  inches.  Barley  retained  by  this  screen,  if  Midwestern  in 
origin,  may  be  discarded  as  incompatible  to  malting  size.  Removal  o 

additional  corn  and  soy  beans  is  also  thus  effected. 

The  plump  or  A  grade  malting  barley  is  retained  on  the  6' /4/64  inch 
cylinder  slot  width.  Grain  passing  through  a  6V4/64  inch  slot  is  graded 
in  a  cylinder  having  5V4/64  inch  or  5* 1/ 2/64  inch  slots.  The  retained 
product  is  the  smaller  size  adaptable  to  malting  and  is  catalogued  as 
“B”  grade. 


STEEPING 

The  primary  purpose  of  steeping  is  to  introduce  water  into  the  barley 
kernels  at  a  rate  and  in  a  manner  to  permit  germination  and  to  produce 
a  well  modified  and  plump  malt. 

Classical  texts  indicate  that  the  temperature  of  the  steep  water  may  be 
raised  to  a  maximum  of  68  F.  to  permit  a  reduction  of  the  steeping  time. 
However,  some  doubt  does  exist  as  to  the  quality  of  malts  steeped  at  the 
higher  temperature  levels.  It  is  generally  true  that  the  degree  of  water 
uptake  by  the  barley  kernel,  as  measured  in  the  laboratory,  within  cer¬ 
tain  limits  varies  directly  with  the  temperature  of  the  water.  Neverthe¬ 
less,  judgments  as  to  the  completeness  of  steeping  which  are  based  solely 
on  laboratory  determined  moistures  may  result  in  the  transfer  of  insuffi¬ 
ciently  steeped  barley  to  the  germinating  areas. 

A  warm  steep  is  associated  with  a  rapid  water  uptake  which  may  not 
permit  proper  distribution  of  moisture  within  the  kernel.  Leberle  ( 1956) 
studied  water  absorption  during  steeping.  The  data  appearing  in  Table 

91  indicate  the  tendency  of  moisture  to  distribute  unequally  within  the 
kernel. 


Table  91 


AREA  DISTRIBUTION  OF  MOISTURE  IN  STEEPING  BARLEY1 


Kernel 

Area 


Moisture 

Per  cent 


Base 

Middle 

_ Tip 

1  Leberle  (1956). 


47.1 
38.3 

39.1 


There  is  a  belief  that  use  of  a  colder  water  necessitating  a  longer  ex¬ 
posure  to  soaking  will  result  in  a  more  uniformly  steeped  kernel. 

arley  is  considered  to  be  sufficiently  steeped  if  the  moisture  content 
has  nsen  to  42  to  44  per  cent.  In  practical  operations,  the  steep  ripeness 
ot  the  kernel  is  detected  by  pinching  the  two  ends  between  the  thumb 
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and  forefinger.  If  the  proper  absorption  has  been  achieved,  the  kernel 
should  open  readily  and,  when  it  is  cut,  the  moisture  should  have  pene¬ 
trated  to  the  center. 

Physiologically,  it  is  thought  that  sufficient  steeping  has  been  achieved 
when  the  cell  expansion,  due  to  water  uptake,  has  reached  its  limit.  Then 
the  hydrostatic  pressure  is  equivalent  to  the  osmotic  pressure  of  the  cell 
sap  and  the  condition  of  cell  rigidity  is  spoken  of  as  the  “turgidity”  of  the 
cell. 

Insufficient  steeping  adversely  affects  many  aspects  of  malt  quality. 
Primarily  affected  are  wort  clarity  and  the  coarse-fine  grind  difference  of 
the  finished  malt.  The  practical  maltster  frequently  observes  greater 
resistance  to  the  “bite,”  finding  it  more  difficult  to  chew  the  malt. 

When  differences  in  steeped-out  moisture  are  relatively  small,  varia¬ 
tions  in  laboratory-measured  quality  may  not  be  significant.  However, 
noticeable  differences  in  the  plumping  tendencies  of  some  malts  are 
observed  as  a  result  of  varied  water  absorption  during  steeping.  Table 
92  lists  the  results  obtained  when  an  “A”  grade  Kindred  from  the  1957 


Table  92 


THE  EFFECT  OF  STEEPING  TIME  AND  MOISTURE  ABSORPTION  ON  THE  PLUMPING  OF  MALT 

“A”  size  Kindred,  1957  crop;  Water  at  60  F. 


Sieve 

Barley  Before 
Steeping 

Per  cent 

Steeped1 

22  hrs. 

Per  cent 

Steeped2 

28  hrs. 

Per  cent 

Steeped3 

40  hrs. 

Per  cent 

On  7/64  inch  screen 

1  .8 

38.2 

43.4 

49.5 

On  «/64 

71.6 

54.5 

52.2 

48.3 

On  6/64  inch  screen 

26.0 

6.7 

4.1 

2.0 

Through  5/ 64  inch  screen 

0.6 

0.6 

0.3 

0 . 2 

1  Barley  contained  38  to  39  per  cent  moisture. 

2  Barley  contained  41  to  42  per  cent  moisture. 

3  Barley  contained  43  to  44  per  cent  moisture. 


crop  was  steeped  at  60  F.  with  appropriate  water  changes  and  then 
transferred  as  a  water  slurry  (“wet  steep  )  to  the  compartment  at  tic 
indicated  moisture  levels.  Prior  to  sampling  of  the  steeped  barley  sur¬ 
face  moisture  was  removed  by  “venting  with  warmei  aii  (6S  .  ant 

per  cent  relative  humidity)  and  germination  and  kilning  wtu  concuc 
comparably  in  a  conventional  and  accepted  manner.  _ 

It  should  again  he  noted  that,  with  reference  to  the  water  absorp  ««' 
kernel  size  data,  all  other  facets  of  the  process  were  held  constant,  1 
drying,  the  green  malt  temperature  did  not  exceed  130  F.  until  the  malt 
moisture  decreased  to  twelve  per  cent.  The  barley  was  vtgorous  and 

germinated  98  to  100  per  cent.  .  .  .1  steeping  time 

That  barley  plumpness  is  a  marked  determ  c 
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required  is  shown  by  Leberle  (1952),  who  included  this  factor  in  his 
study.  The  data  are  presented  in  Table  93. 


Table  93 


THE  RELATION  OF  KERNEL  SIZE  TO  WATER  UPTAKE1 

Original  barley  moisture,  13.3  per  cent 


Steep 

Time, 

Hrs. 

Kernel  size 

2 . 2-2 . 5  mm. 

2 . 5-2 . 8  mm. 

Over  2.8  mm. 

(5V2/64-6V4/64) 

(61/ 4/64-7/64) 
Moisture  Content,  Per  cent 

(Over  7/64) 

16 

30.9 

29.7 

29.3 

39 

37.1 

35.8 

35.2 

62 

40.8 

39.6 

38.9 

87 

43.1 

41  .7 

41  .0 

1  Leberle  (1952). 


When  a  ‘wet  steep-out  is  employed,  understeeping  may  be  partially 
corrected  alter  transfer  to  the  compartment  or  drum.  Absorption  of 
water  has  been  found  to  continue  up  to  an  additional  2  to  3  per  cent  where 
such  a  procedure  is  operative.  It  is  advisable  that  surface  evaporation 
be  held  at  a  minimum  during  the  8  to  15  hour  period  following  discharge 
from  the  steep  tank.  Water  can  also  be  given  during  this  period  to 
facilitate  after-steeping. 

Attempts  to  increase  the  moisture  content  to  any  marked  degree  (over 
1  oi  2  per  cent)  after  the  chit  or  onset  of  acrospire  (plumule)  growth 
has  begun,  create  a  serious  threat  of  “overgrown”  development  (condition 
of  the  acrospire  or  prime  bud  extending  beyond  the  length  of  the  kernel) 
This  condition  is  undesirable. 


Oversteeping  markedly  delays  the  onset  of  germination,  encouraging 
'"Creased  mold  and  bacterial  growth.  Undesirable  odors  are  often  asso- 
ciated  with  barley  steeped  in  this  manner. 

The  term  -oversleep”  connotes  excessive  water  absorption.  However 
laboratory  data  indicate  that  it  is  related  to  the  appearance  of  the  steeped 
badey  and  to  its  subsequent  onset  of  germination.  Such  conditions  are 
usually  associated  with  extended  periods  of  submersion. 

to  illustrate,  graded  mature  barley  of  vigorous  tierminiHncr  rx 
was  stepnnd  inio  i  hot  i-  a <\a  '  k  uus  geminating  capacity 

i  "  °  a  0  03  t0  0  04  Per  cent  solution  of  lime  water  at  fivq.' 

IS  ~  ££  even- 

washed  with  several  changes  of  water  at  65  l'.  the  barley  was 

mittecOo^rest  ^1^0^™^"^ ‘^rre"  <A  Per‘ 

aeration;  and  (C)  steeped  with  continumii  fresh  “elw "at^F. 
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The  water  was  drained  after  9,  20,  and  30  hours  (after  the  beginning 
of  steeping),  the  barley  washed  with  fresh  water  and  steeping  continued 

as  outlined  in  ( A )  through  ( C ) .  . 

Moisture  was  determined  at  26,  32,  and  40  hours,  after  steeping-in, 
the  physical  conditions  of  the  barley  being  noted.  The  data  are  presented 


in  Table  94. 

As  noted  in  Table  94,  only  the  barley  associated  with  water  changes 
(A)  exhibited  oversteeped  characteristics  after  26  hours.  Where  con¬ 
tinuous  overflow  was  employed  (C),  the  barley  reflected  a  desirable 
degree  of  steep  after  32  hours  and  produced  an  excellent  finished  malt. 
Even  after  44  hours,  this  barley  appeared  to  be  in  good  condition  and 
produced  a  good  malt.  Aeration  (B),  while  compensating  in  part  for  the 
deficiencies  in  water  change,  resulted  in  a  product  which,  after  32  hours, 
seemed  to  be  oversteeped. 

Yet,  it  is  to  be  noted  that  the  moisture  content  of  the  steeped  barley 
resulting  from  the  three  procedures  is  reasonably  comparable. 

After  germination  of  the  “oversteeped”  barley  has  begun,  a  retardation 
of  rootlet  growth  is  observed.  This  is  often  accompanied  by  a  too  rapid 
elongation  of  the  acrospire.  The  husk  of  the  malt  becomes  darkened  in 
color. 

It  is  believed  that  the  effects  of  so-called  oversteeping  are  the  results 
of  the  competition  by  molds  and  bacteria  for  oxygen  together  with  a 
saturation  of  the  steep  water  with  respiratory  carbon  dioxide.  In  the 
experiment  just  described,  the  unaerated  steep  (A)  had  a  pH  of  5.4  after 
26  hours  while  its  aerated  counterpart  (B)  was  at  pH  7.2.  It  may  be 
theorized  that  there  occurs  a  cessation  of  oxygen  uptake  by  the  cell  with 
the  substitution  of  an  anaerobic  metabolism.  Some  of  the  lingering  inter¬ 
mediate  or  end  products  of  these  anaerobic  processes  are  toxic  and  must 
be  dispelled  prior  to  the  onset  of  germination. 


Barley  variety  also  affects  the  selection  of  length  of  steeping  time. 
Data  showing  the  relative  water  uptake  by  Montcalm  and  Kindred  ( 1957 
crop  year)  of  comparable  kernel  size  appear  in  Table  95.  The  barley  was 

graded  to  pass  through  a  6/64  inch  screen  and  to  maintain  above  a  51  /2/64 
inch  screen. 

Kernels  of  lowered  germination  energy  are  said  by  Leberle  (1952)  to 
absorb,  under  comparable  conditions  of  steep,  0.7  to  2.0  per  cent  more 
water  than  their  vigorous  counterparts.  It  is  a  recognized  principle  in 
commercial  malting  that  a  reduction  in  steeping  time  must  be  made  for 
)ai  ey  containing  kernels  of  lowered  germinating  energy. 

It  is  necessary  to  supply  air  to  the  steeping  barley.  There  are  several 
reasons  for  this  aeration  Aeration  protects  the  barley  against  the  danger 
of  oversteep, ng.  Leberle  ( 1952)  postulates  that  the  greater  the  uptake  of 
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water  within  the  barley  during  steeping  and  the  less  maturation  (after 
harvest)  the  greater  the  necessity  for  the  application  of  oxygen  through 
aeration.  Leberle  has  also  found  that  the  evils  of  oversteeping  are  not 
always  the  result  of  continued  submersion,  but  rather  are  due  to  the 
contact  of  the  respiring  barley  with  acidic  material.  Removal  of  the 
accumulated  carbon  dioxide  by  aeration  helps  remedy  this  situation. 

Table  95 

WATER  UPTAKE  OF  KINDRED  AND  MONTCALM  AFTER  STEEPING  FOR  26  HOURS  AT  54  °F. 

Barley  Moistuie 

Variety  Per  cent 

Kindred  37  8 

Montcalm  40  4 


Aeration  also  acts  as  a  means  of  agitation.  The  latter  is  desirable  as 
an  aid  in  washing  or  scrubbing  the  grain  as  well  as  a  precaution  against 
the  channeling  of  the  overflow  water,  which  is  admitted  at  the  bottom  of 
the  tank  and  flows  off  the  surface  of  the  steeping  barley. 

DeClerck  (1952)  recommends  that  aeration  by  compressed  air  be 
carried  out  4  or  5  times  a  day  for  15  to  20  minutes  at  a  tune.  A  volume  of 
0.23  cu.  ft.  per  48  lb.  bushel  delivered  at  a  pressure  of  7  lbs.  per  sq.  in.  is 
indicated  as  desirable.  Some  investigators  feel  that  a  limitation  should  be 
placed  on  the  duration  and  frequency  of  aeration,  believing  that  exces¬ 
sive  oxygen  encourages  mold  growth.  However,  treatment  of  the  grain 
with  permitted  antiseptics  in  the  steep  tank  can  control  or  alleviate  the 
danger  of  mold  contamination. 

Water  composition,  as  directly  related  to  the  biological  process  occur¬ 
ring  within  the  steeping  kernel,  is  not  of  too  great  importance  because  of 
the  semi-permeable  membrane  which  limits  access  of  the  water  consti  - 
uents  to  the  cell  interior.  ,  .  H 

Addition  of  sodium  hydroxide  or,  more  frequently,  lime,  to  about 
9.0  to  9,5  is  generally  made  to  the  first  steeping-in  water  to  assist  in 

removal  of  undesirable  husk  substance. 

Warrick  et  at  (1935)  studied  steep  water  wastes  and  obser 
approximately  0.28  pounds  of  dissolved  solids  were  removed  p  '  ; 

lisa£*e  of  75  gallons  of  water  per  bushel  occasioned  a  loss  •1 

by  each  step  of  the  malting  process.  Table  96  indicates 

waste  produced  in  a  malting  plant.  When 

Additional  physical  conceptsjif  ^T^^hndred'  barley  have  been 

*  «  . . .  “  " 
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bushel).  This  agrees  with  the  figure  quoted  by  DeClerck  ( 1952).  How¬ 
ever,  the  same  quantity  of  barley,  if  allowed  to  drop  into  a  predetermined 
volume  of  water,  a  practice  necessary  to  achieve  proper  liming  and  to 
effect  the  desired  removal  of  “skimmings,  will  occupy,  after  settling, 
about  a  ten  per  cent  greater  volume. 


Table  96 


STEEP 

WATER  WASTE 

FROM  THE  MALTING 

PROCESS 

5 

Total 

Hours 

Day 

Organic 

Total 

of 

BOD 

Nitrogen 

Solids 

Contact 

1st  Steep  water 

960 

69 

4856 

24 

2nd  Steep  water 

920 

72 

2372 

12 

3rd  Steep  water 

185 

4 

418 

12 

4th  Steep  water 

254 

7 

452 

16 

Germ  drum  water 

50 

12 

534 

Courtesy  of  Stockland  Malting  Machinery  Co. 

Fig.  123.  Steep  Tank 


After  steeping,  an  approximate  30  per  cent  increase  in  barley  volume 
,  .  ved  !cabout  155  cublc  feet  per  bushel).  DeClerk  states  that  to 

depicts  the  bottom  of  a  c^r'oTs  Ihe 
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Fig.  124.  Bottom  of  a  Steep  Tank  Showing  Barley  Outlet 

Valve 


Fig.  125.  Germinating  Chamber 
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Courtesy  of  Stockland  Malting  Machinery  Co. 

Fig.  126.  Filling  the  Germinating  Chamber  with  Steeped  Barley 

discharge  of  “dry  ’  steeped-out  barley.  The  pipe  to  the  right  of  the 
cone  illustrates  the  mode  of  draining  off  water  or  admitting  fresh  water. 


GERMINATION 

Germination  is  the  physiological  process  in  which  the  lamella  or  acro- 
spiie  and  the  rootlet  of  the  seed  are  elaborated  thus  forming  a  new  plant 
through  the  multiplication  and  enlargement  of  cells.  In  the  malting  proc¬ 
ess,  the  conditions  of  germination  which  are  subject  to  control  are  mois¬ 
ture,  air,  temperature  and,  to  a  much  lesser  extent,  the  carbon  dioxide 
concentration  of  the  air  associated  with  the  germinating  grain.  In  the 
American  system,  the  steeped  barley  is  transferred  to  the  germinating 
c  ambers  by  pumps  as  water  slurry  or  by  screw  conveyors  in  a  partially 
surface-dry  state.  The  bed  of  grain  in  the  germinating  chamber  is  called 

^  piGC0» 

rvW^T!?8  Cham,bT  are  ei,her  permanently  fixed  compartments  or 
cylindrical  drums  which  can  be  rotated.  The  compartment  type  is  a 

rectangular  chamber  consisting  of  two  parallel  longer  walls  and  two 
shorter  ends.  It  has  a  depth  of  4.5  to  5  feet.  The  longer  walls  are  7  to 
aches  thick  and  are  generally  constructed  of  reinforced  concrete  which 
has  been  troweled  to  a  very  smooth  surface  on  the  inner  skle  Mn 
on  the  surface  of  each  of  the  longer  walls  are  a  tr  ok  and  „ 
support  and  assist  in  controlling  the  nass  itm  of  rl  '  1  •  C°^  [ai  W  lic  i 

or  mixes  the  malt.  18  ot  the  machlne  which  turns 
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The  floor  is  fitted  with  perforated  trays,  permitting  passage  of  air 
through  the  bed  of  germinating  grain.  The  area  below  the  compartment 
varies  in  depth  from  2  to  7  feet,  the  figure  in  a  particular  case  being  influ¬ 
enced  by  the  available  space  and  by  design  requirements  for  an  efficient 
exhaust  of  air.  The  perforated  bottoms  are  usually  permanently  affixed 
where  depths  of  5  to  7  feet  exist,  since  washing  with  high-pressure  water 
can  be  accomplished  without  raising  the  trays.  More  shallow  sub-com¬ 
partments  require  lifting  the  trays  to  permit  washing. 

Aeration  of  the  malting  compartment  is  either  updraft  or  downdraft. 
It  has  been  reported  that  some  installations  permit  a  combination  of  the 
two  systems. 

Most  American  installations  expose  the  surface  of  the  germinating  grain 
within  the  compartments  to  the  atmosphere  of  a  large  room.  When  this 
arrangement  is  employed,  the  updraft  system  provides  the  maltster  with 
the  greatest  degree  of  control.  Each  compartment  may  be  appointed 
with  individual  heating  coils  or  with  gas  jets  which  warm  the  air  directly. 
Where  refrigerated,  the  water  temperature  of  the  individual  humidifiers 
may  be  controlled.  New  designs  permit  selection  of  desired  air  velocity 
by  assignment  of  a  single  fan  to  1  or  2  compartments. 

The  attempered  humidified  air  is  forced  through  the  green  malt  and  is 
permitted  to  pass  through  ducts  to  the  outside.  More  often,  the  duct 
work  and  air  valves  are  so  arranged  as  to  permit  recirculation  of  part  or 
all  of  the  compartment  exhaust  air.  Such  an  arrangement  is  geneialh 
the  case  where  the  water  of  the  humidifiers  is  refrigerated. 

In  the  downdraft  system  all  compartments  are  exposed  to  the  impact  of 
the  same  humidified  and  attempered  air.  The  only  controlled  variable 
specific  to  the  individual  compartment  is  the  velocity  of  the  air  passing 
through  the  piece.  The  compartment  room  is  generally  adjusted  to  5 
to  56°F.,  the  moisture  content  of  the  air  being  saturated  or  near  satura- 


The  heat  of  respiration  of  the  germinating  grain  is  utilized  in  the  ad¬ 
justment  or  control  of  the  temperature  of  the  piece.  Wh.le  the  exhaus 
system  applies  a  negative  pressure  common  to  all  compartments 
degree  of  opening  of  the  draft  door  in  the  sub-compartment  area  centre 
the  velocity  of  air  passage  through  the  piece.  Air  passage,  in  turn, 
regulated  to  permit  the  desired  temperature  build  up  to  occur. 

Within  compartment  installations,  be  it  an  updraft  or  downdraft  system, 
smaller  amounts  of  air,  approximately  2  to  3  cu.  ft.  in.  mm.,  < 
manded  during  the  first  three  days  of  germination.  Less  res  s  . 
exerted  against  the  passage  of  air  due  to  the  presence  of  she  rte roo 
Moreover?  the  germinating  grain  has  as  yet  not  reached  the  peak 


piration. 
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After  watering  and  succession  to  the  fourth  day  of  growth,  temperature 
control  demands  a  larger  quantity  of  air,  approaching  a  minimum  velocity 
of  5  to  6  cu.  ft./bu./min. 

The  term  “ continuous ’  ventilation  implies  a  procedure  demanding  air 
passage  through  the  bed  of  malt  from  the  time  of  loading  to  the  time  of 
withdrawal  for  kilning.  The  referred  to  process  of  venting,  applied  to 
remove  excess  surface  moisture  resulting  from  a  wet  steep-out,  may  be 
included  to  initiate  the  malting  period  of  continuous  aeration.  An  out¬ 
line  of  one  method  will  be  presented.  The  steeped  barley  enters  the 
compartment  at  60°F.  If,  in  the  instance  of  a  “wet”  steeping-out  pro¬ 
cedure,  a  colder  steep  water  (50  F.)  has  been  employed,  the  barley  may 
be  transferred  in  slurry  with  water  which  has  been  warmed  to  65  to 
68°F. 


The  bed  of  germinating  grain  is  either  vented  with  warmer  air  or  the 
normal  humidified  air  at  54°  to  56  F.  is  passed  through  at  the  rate  of  1 
to  2  cu.  ft./bu./min.  immediately  after  leveling  of  the  steeped-in  barley. 
After  30  hours,  during  which  the  stirring  machine  has  effected  2  to  3  pas¬ 
sages,  a  light  watering  is  applied  and  the  air  velocity  is  increased  to  2  to 
3  cu.  ft./bu./min.  It  is  estimated  that  the  quantity  of  this  “pre-water” 
is  slightly  in  excess  of  a  quarter  of  a  gallon  per  bushel. 

After  about  55  hours,  a  second  watering,  in  extent  of  1  to  lx/4  gallon 
per  bushel  is  applied  and  the  air  velocity  is  increased  to  about  7  to  8  cu. 
ft./bu./min.  After  a  warming  to  about  62°F.  immediately  after  water¬ 
ing  the  piece  cools  down  to  about  56  F.  and  this  temperature  is  retained 
for  the  remainder  of  the  germinating  period. 

Laiger  kerneled  barley  frequently  requires  a  light  third  watering. 
However,  such  practice  is  frequently  responsible  for  excessive  moisture 
retention  within  the  green  malt  at  the  time  of  transfer  to  the  kiln. 

Malts  prepared  in  a  system  of  continuous  aeration  are  characterized 
by  a  lower  soluble  protein  content  and  by  paler  colors  after  boiling 
When  properly  kilned,  they  exhibit  a  malty  flavor. 

«  In  *!S™SS1°™  of  the  method  of  interrupted  ventilation,  the  term 
couching  ,s  frequently  found.  In  earlier  texts,  the  practice  of  “couch- 
mg  meant  permitting  conical  heaps  of  steeped-out  barley  to  rest  un- 
disturbed  for  periods  up  to  24  hours.  The  heaped  barley  would  become 
waim  thus  assisting  the  onset  of  germination.  “Couching”  in  this  manner 


/min.  to  maintain  a  temperature  of  60°  to 
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62° F.  The  draft  door  of  the  compartment  may  be  closed  during  the 
passage  of  the  turning  machine. 

After  24  to  36  hours  of  “couching,”  aeration  is  increased  to  create  a 
temperature  of  58°  to  60° F.  When  the  rootlet  approaches  0.5  cm.  in 
length,  water  is  applied  at  the  rate  of  one-and-one-quarter  gallons  per 
bushel.  Ventilation  is  conducted  at  the  rate  of  7  to  8  cu.  ft./bu./min. 
during  and  after  watering.  When  the  surface  moisture  has  disappeared, 
accompanied  by  a  concurrent  drop  in  temperature  to  about  54  F.,  the 
draft  door  is  closed  and  the  piece  permitted  to  warm  to  66°  to  68  F. 

Cooling  as  rapidly  as  possible  to  54  F.  is  then  effected  and  the  draft 
door  closed  to  again  achieve  the  upper  temperature  limit.  Each  cycle  of 
warming  and  cooling  usually  requires  6  to  8  hours. 

Continuous  aeration  at  the  rate  of  6  to  7  cu.  ft./bu./min.  is  conducted 

during  the  last  12  to  15  hours. 

Malt  prepared  by  the  “interrupted”  process,  when  contrasted  with  that 
produced  with  “continuous”  ventilation,  exhibits  some  of  these  character- 

istics  • 

(1)  Darker  wort  color  and  darker  color  after  wort  boiling;  (2)  higher 
alpha-amylase  activity  and  increased  soluble  protein;  (3)  increased  ex¬ 
tract  with  smaller  coarse-fine  grind  difference;  and  (4)  greater  mealiness 
when  crushed  and  chewed. 

It  has  been  stated  that  the  temperature  of  the  ventilating  air  is  a  prime 
factor  affecting  malt  quality. 

Hind  ( 1938)  presented  data  for  extract  and  soluble  protein  composition 
of  malts  germinated  at  three  temperature  levels  within  the  range  o 
to  72°F  It  is  assumed  that  the  temperatures  have  been  applied  in 
manner  of  continuous  ventilation.  While  the  germinating  time  consisted 
of  nine  days,  analytical  values  for  a  period  thought  to  coincide  with  a 
peak  in  modification  are  recorded  in  Table  97. 


Table  97 


OF  GERMINATING  temperature  on^gharac^^ 

_ _ — -  rr- _  T~\ _ 


Soluble  protein  as  per  cent  total  nitrogen 

Extract,  per  cent  (dry) 

Acid  (ml.  0.10  N  NaOH  to  pH  9.2  for  100 
ml.  wort) 


55.4-62.6 
59.0-68.0 
66.2-71 .6 
55.4-62.6 
59  0-68.0 
66.2-71.6 
55.4-62.6 
59  0-68.0 
66.2-71.6 


Days  Growth 


38.3 

35.5 

32.1 

79.2 

78.6 

78.5 
16.1 

14.6 
14.1 


36.8 
34  2 
31  .2 
79.4 
78.2 

78.2 

15.3 
14.1 
14.1 


37.6 
31  .9 
30.0 

79.7 
78.3 
78.2 
15.6 
14.0 
14.0 


Hind  (1938). 
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The  previously  cited  flow  sheets  of  germination  employing  continuous 
or  interrupted  ventilation  denote  the  use  of  several  temperature  levels. 

Dickson  and  Shands  (1942)  studied  the  effect  on  quality  when  germi¬ 
nating  four  barley  varieties  for  six  days,  using  a  constant  moisture  level  of 
45  per  cent  and  temperatures  of  53.6 ",  60.8°,  and  68  F.  singly  and  in 
varied  sequence.  Generally  speaking,  a  two-day  period  of  60.8  F.  fol¬ 
lowed  by  four  days  at  53.6°  F.  produced  malts  with  the  greatest  recovery 
and  with  quality  factors  which  coincide  with  present-day  brewery  specifi¬ 
cations. 

Germination  at  one  fixed  moisture  level  will  result  in  a  malt  differing  in 
quality  from  that  produced  at  another  level. 

Klopper  and  Kortenhorst  are  quoted  by  Kolbach  (  1955)  as  steeping 
barley  at  54.5°F.  for  45  hours  and  recording  a  steep-out  moisture  of  40.2 
per  cent.  Germination  was  conducted  at  this  level  and  at  additional 
levels  of  increased  moisture  content  which  were  achieved  by  watering 
on  the  first  and  second  days  of  germination.  The  control  of  rootlet  growth, 
diastatic  power  and  soluble  protein  is  noted  in  Table  98. 

Table  98 

THE  EFFECT  OF  MOISTURE  LEVEL  WITHIN  GERMINATING  BARLEY  ON  THE  QUALITY  OF  THE 

RESULTANT  MALT1 

Green  Malt  Moisture  Level 
Per  cent 

_ _ _  40.2  42.6  43.9  48.2 

Rootlets  as  per  cent  dry  barley  2.1  3.0  3  4  4  6 

Diastatic  power2  160  180  195  205 

Soluble  protein  as  per  cent  of  total  protein  39  41  42  44 

*  Klopper  and  Kortenhorst  as  quoted  by  Kolbach  (1955) 

2  Degrees  Lintner. 


The  proper  duration  of  the  germinating  period  is  a  subject  which  has 
reflected  a  difference  of  opinion  among  commercial  maltsters.  It  has  been 
reported  that  4-,  5-,  and  6-day  germinating  malts  are  being  prepared  from 
midwestem-type  barleys. 

First,  it  may  be  well  to  distinguish  between  the  propriety  of  one  proc¬ 
essor  germinating  for  five  days  while  another  utilizes  six.  In  the  five-day 
process,  a  “dry”  steeping-out,  where  the  onset  of  germination  may  have 
egun  in  the  steep  tank,  could  have  been  employed.  In  the  instance  of 
six-day  malt,  the  barley  may  have  been  discharged  into  the  germinating 
chamber  as  soon  as  the  proper  steep-out  moisture  was  achieved.  Reason¬ 
ably  comparable  germmating  periods  may  have  existed  in  both  procedures 
To  achieve  satisfactory  modification,  plumper  kerneled  midwestern  and 

“ar'eyS  te"  re<1Uire  '0nger  Peri0c,s  Hf  germination.  Thus  the 
length  of  germinating  time  may  be  varied  within  one  process. 
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DeClerck  (1952)  and  others  present  curvilinear  data  for  respiration, 
diastatic  and  proteolytic  activity,  depicting  a  peak  between  the  fourth 
and  fifth  day  of  germination.  When,  in  practical  operations,  germination 
has  been  arrested  at  this  period,  malts  are  obtained  which  yield  satis¬ 
factory  analyses  in  most  areas  of  quality.  However,  studies  have  been 
conducted  which  suggest  that  the  arresting  of  germination  at  the  indi¬ 
cated  peak  may  result  in  malts  lacking  in  one  or  more  essential  qualities. 

Meredith  and  Bendelow  (1956)  examined  additional  properties  of 
worts  and  showed  that  viscosity  was  a  useful  measure  of  quality  factors 
associated  with  modification  that  were  not  measured  in  other  determi¬ 
nations.  He  found  that  the  viscosity  of  Congress  wort  was  a  direct  re¬ 
flection  of  the  modification  process  and  of  the  ease  of  conversion  of  some 
carbohydrate  material  in  the  barley  into  solubles  in  the  wort.  He  also 
presented  evidence  of  a  close  relation  between  the  viscosity  of  the  158  F. 
worts  and  the  amount  of  cold-water  extract.  Low  values  for  cold-water 
extract  are  associated  with  high  wort  viscosity. 

Table  99  shows  the  increase  of  cold-water  extract  of  the  variety  Mont¬ 
calm  when  malted  5  and  6  days  at  moisture  levels  of  42.0  and  44.0  per 

cent. 


Table  99 

germinating  time  and 

MOISTURE  LEVEL  AS  FACTORS  IN  COLD  WATER  EXTRACT  DEVELOPMENT1 

Cold  Water  Extract, 

Per  cent 

Moisture, 

Per  cent 

5-Day 

Germination 

6-Day 

Germination 

_ 

16.8 

18.0 

19.2 

42 

44 

20.4 

‘  Meredith  and  Bendelow  (1956). 


For  purposes  of  references,  Meredith  Iras  shown  tire  relationship  of 

eold-wLPextract  and  the  viscosity  of  158°F. 

different  barley  varieties.  Values  are  presented  m  Table  100. 


Table  100 

COI  D  WATER  EXTRACTS  AND 

WORT  VISCOSITIES  FROM 

different  varietal  malts1 

Cold  Water 

Malt  Sample 
Identification 

Extract 

Per  cent 

Viscosity2 

A 

E 

14.0 

16.7 

18.1 

20.0 

2.24 

1.85 

1  .70 

F 

L 

1.54 

i  Meredith  and  Bendelow  (1956). 
J  Centipoise. 
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Another  factor  which  is  claimed  to  effect  malt  quality  is  the  carbon 
dioxide  content  of  the  air  surrounding  the  grain.  Hind  ( 1938 )  cites  the 
study  of  Hoffman-Bang  who  found  that  the  greatest  percentage  of  salt- 
soluble  nitrogen  could  be  obtained  from  malts  rpade  at  the  lowest  tem¬ 
peratures  and  in  the  presence  of  carbon  dioxide. 

Leberle  (1952)  presents  data  observed  in  the  interrupted  or  inter¬ 
mittent  aeration  of  a  pneumatic  compartment.  After  the  piece  had 
achieved  maximum  respiration,  a  four-hour  cessation  of  ventilation  was 
accompanied  by  a  marked  increase  of  the  carbon  dioxide  content  of  the 
air.  The  data  appear  in  Table  101. 

Table  101 


BUILD-UP  OF  CARBON  DIOXIDE  DURING  INTERMITTENT  VENTILATION1 


Age  of 

Piece 

Days 

Length  of 

Rest 

Hours 

co2 

Content  of  Air 

Lower  Half 
Per  cent 

LIpper  Half 

Per  cent 

2 

2 

6.0 

5.4 

2 

4 

9.6 

7.0 

3 

2 

7.0 

6.0 

5 

2 

7.5 

6.0 

6 

4 

15.6 

10.4 

7 

2 

8.7 

6.0 

1  Leberle  (1952). 


Lack  of  data  comparing  carbon  dioxide  build-up  during  continuous 
ventilation  with  that  resulting  from  interrupted  ventilation  prevents  a  con¬ 
trast  of  quality.  Values  do  exist  which  contrast  malt  from  the  Kropf 
carbon  dioxide  system  with  malt  from  the  pneumatic  compartment 
methods.  These  are  presented  in  Table  102. 


Table  102 

COMPARISON  OF  THE  QUALITY  OF  GREEN  MALT  RESULTING  FROM  A  PNEUMATIC  COMPARTMENT 

AND  THE  KROPF  CARBON  DIOXIDE  SYSTEM 


Pneumatic 

Kropf 

Moisture,  per  cent 

Total  acids,  ml.  N/l 

Total  tormol  N,  mg./lOO  gm.  malt 
Diastase,  degrees  Lintner 

Invert  sugar,  per  cent 

Sucrose,  per  cent 

42.0 

12.7 

315 

340 

2.76 

5.40 

43.5 

13.3 

380 

380 

3.00 

4.72 

A  brief  description  of  the  pneumatic  compartment  lias  already  been 
presented  As  indicated,  the  alternate  method  for  conducting  germina- 
on  is  within  a  drum.  Rotation  of  the  drum  serves  as  a  means  of  agt 
tat, on  or  mixing  the  green  malt.  Tempered  and  humidified  air  flows  to 
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the  drum  as  the  result  of  the  negative  pressure  imposed  by  withdrawal  of 
the  exhaust  air.  Germinating  temperatures  within  the  drum  are  esti¬ 
mated  by  the  temperature  of  the  exhaust  air.  DeClerck  ( 1952 )  provides 
a  more  complete  description  of  the  Galland  drum  and  its  operation. 

Several  recent  installations  provide  for  drying  and  kilning  the  malt 
directly  in  the  compartment  in  which  the  germination  took  place.  How¬ 
ever,  most  installations  require  removal  of  the  malt  from  the  compart¬ 
ments  and  conveyance  to  a  kiln.  For  purposes  of  labor  saving,  green- 
malt  removal  machines  have  been  installed.  Generally,  one  man  is  thus 
able  to  transfer  malt  from  the  compartment.  An  example  of  such  a 
machine  is  portrayed  in  Fig.  127. 


7ig. 


127.  Removing  Green  Malt  from  the  Germinating  Chamber 


KILNING 

Efficient  kilning  consists  of  drying  the  green  malt  at  a  maximum  rate  of 
writer  removal  within  a  temperature  gradient  which  permits  re  ention  o 
desired  quality  factors  and  which  causes  other  factors  of  quality  to  be 

U  There  are  2  and  possibly  3  distinct  phases  which  must  be  c0"slde^d 
in  kiln  in  e  The  operation  commences  when  the  moisture  level  of  the 
111  k,lmnS-  .  lne  op7‘  .  ,,  ner  cent  In  (bis  initial  stage,  enzymatic 

green  malt  is  approximately  4.  i  trrndnal  drying 

degradation  and  breakdown  still  go  forward  because  the  gradual  drying 
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accomplished  at  lower  temperatures  permits  sufficient  moisture  to  be 
retained  in  part  of  the  green  malt  bed.  The  second  phase  of  kilning, 
accomplished  by  heating  after  the  moisture  level  of  the  malt  has  de¬ 
creased  below  10  per  cent,  may  be  considered  the  final  drying  or  curing, 
during  which  chemical  or  physico-chemical  reactions  take  place  within 
the  constituents  of  the  malt. 

When  “sulfuring”  is  practiced,  the  application  of  sulfur  dioxide  may  be 
considered  a  distinct  phase  of  kilning.  “Sulfuring”  is  generally  conducted 
while  the  moisture  level  of  the  green  malt  exceeds  40  per  cent. 


Fig.  128.  Kiln  Firing  Installation 


tnl  .  ,  VI™  '  CUrrently  manufac‘ured  is  dried  by  direct  exposure 

butane  Tf  furnaces  using;  natural  gas  or  mixtures  of  propane  and 

oil  other  M  «  mStalIaJ‘rS  Sti"  empl°y  fuel  oil-  However,  the  use  of 
oil  other  than  for  stand-by  purposes  is  to  be  discouraged  because  of  a 

Sr  cont7er  °f  rl  °r  *'"!  <lepOSit  011  *he  malt-  The  combustion  of 
with  sulfur  thoxicle!  S  '  "  “  “'“"‘rolled  contact  of  the  product 

se(n!eLC°Tif'nR  °f  ^  2’  °r  3  leVC,S  are  SeneraUy  employed.  When  the 

the  heateiTair^rslpasseslln-ougllthelower  bed^flmdtiwhichlby^ature 
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of  position  and  length  of  exposure,  is  the  driest.  Air  leaving  the  lower 
level  is  drawn  up  through  the  second  or  middle  bed,  which  is  of  an  inter¬ 
mediate  degree  of  dryness,  and  finally  through  the  third  or  upper  bed 
which  has  accommodated  the  last  or  most  recent  loading  of  green  malt. 
A  fan,  or  series  of  fans,  situated  above  the  upper  level  thus  exhausts  air 
whose  initial  drying  characteristics  are  established  in  the  heating  cham¬ 
bers  below  the  first  level.  Exceptions  to  the  outlined  manner  of  heat 
application  as  effects  the  drying  properties  of  the  air  will  be  presented 
later  in  the  discussion. 

The  depth  to  which  a  kiln  may  be  loaded  is  dependent  on  the  draught 
which  is  to  be  passed  through  the  bed  of  green  malt.  Generally,  an  air 
velocity  of  60  to  70  cu.  ft./bu./min.  is  considered  adequate  to  remove 
moisture  to  a  sufficiently  low  level  to  permit  application  of  the  hot  air  for 
the  duration  of  the  curing  period,  thus  allowing  sufficient  time  for  the 
operation  to  coincide  with  the  production  schedule.  DeCleick  (19o2) 
presents  values  for  the  volumes  occupied  by  malt  at  degressive  stages  of 
moisture  during  kilning.  The  data,  appearing  in  Table  103,  are  calcu¬ 
lated  on  a  malt  bushel  dry  basis.  The  figure  showing  one  bushel  ( dry 
basis)  at  45  per  cent  moisture  as  occupying  2.18  cubic  feet  coincides  well 
with  the  value  of  one  cubic  foot  of  green  malt  weighing  about  22  lbs. 


Table  103 


EFFECT  OF  MOISTURE  DECREASE  DURING  KILNING 

ON  THE  VOLUME  OCCUPIED  BY  MALT 

Moisture  Content 
of  Malt 

Per  cent 

Volume,  Occupied  by 

One  Malt  Bushel, 

Dry  Basis 

Cu.  Ft. 

45.0 

2.18 

2.02 

40.0 

1.69 

30.0 

1.36 

20.0 

1  .09 

10.0 

0.98 

5.0 

i  DeClerck  (1952). 


The  malt  moisture  to  air  temperature  relationship  is 
tant  during  kilning  from  the  standpoint  ol  presents  data 

is  accentuated  .t  the  higher — '  S*  the  tern- 

published  by  Kolbach  and  Schdd  m  Table  104  w  mds 

perature  effect  on  the  increase  in  soluble  nitre  g  1 

Practical  StcP  . . . 

“”"8h  . . .  *E  l».  noted  that  ...  ...««■• 

this  manner.  Witt 

is  also  observed. 
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A  recent  study  by  Griinewald  (1954)  compares  two  malts  resulting 
from  drying  schedules  in  which  the  heat  was  raised  to  140  F.  after  6  and 
10  hours,  respectively,  following  kiln  loading.  The  same  air  velocities 
were  employed  initially.  However,  increases  4n  temperature  were  ac¬ 
companied  by  decreases  in  air  velocity.  The  time-temperature  diagram 
and  the  data  reflecting  the  effect  on  nitrogen  solubility  appear  in  Fig. 
129  and  Table  105,  respectively. 

Table  104 

INFLUENCE  OF  TEMPERATURE  AND  MOISTURE  ON  THE  “SOLUBLE  PROTEIN’  FORMATION  DURING 

KILNING1 


Moisture 
(Green  Malt) 

Per  cent 

Lowest  Temp, 
of  Increase 
Occurrence 
°F. 

Maximum  Temp, 
of  Increase 
Occurrence 
°F. 

Maximum 

Increase 

Protein2 

43 

72 

133-136 

18.7 

34 

79 

Above  140 

14.3 

24 

104 

144-151 

9.3 

15 

122 

151-158 

3.7 

1  Kolbach  and  Schild,  as  quoted  by  Hind  (1938). 

2  Soluble  protein  tabulated  as  the  per  cent  soluble  of  total  protein,  assuming  a  10  per  cent  total  malt  protein. 

Table  105 

THE  FUEL  AND  LENGTH  OF  TIME  REQUIRED  FOR  TWO  KILNING  SCHEDULES  STUDIED  AND  EFFECTS 
OF  THE  TWO  METHODS  ON  PROTEIN  BREAKDOWN1 


Schedule  1 


Schedule  2 


Heat  requirements  (B.t.u.  per  malt  bu.)  98.000 

Time  requirement  (hrs.  on  the  kiln)  21 .5 

Soluble  protein  increase  (per  cent  soluble/total)  41 .5 


1  Griinewald  (1954). 


Fig.  129.  Drying  Schedule  of 

Two  Mai  „TS 

Temperature  was  raised  to  140  °F. 
after  6  and  10  hours,  respectively, 
following  kiln  loading. 


75,000 

18.7 

44.2 


,  .  '  . w  l,,aL  Lue  lower  temperature  drying  schedule  reauired 

Sfflss = f-rr 

. . . . . .  -w  -i, .  ,»i.:  s 
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with  a  smaller  fine-coarse  grind  extract  difference  which  had  only  been 
previously  achieved  by  germinating  an  additional  day. 

However,  modern  kiln  design  and  economical  operating  procedures 
may  be  used  to  achieve  low  temperature  kilning  at  higher  moisture  levels 
without  the  sacrifice  of  air  velocity  or  the  expenditure  of  additional  fuel. 

A  by-pass  system  may  be  installed  in  a  two  level  kiln  which  may  be 
regulated  to  provide  for  an  admixture  of  non-heated  air  with  that  pass¬ 
ing  through  the  malt  bed  on  the  lower  kiln.  In  this  manner,  higher  tem¬ 
peratures  may  be  employed  on  the  lower  kiln  without  adversely  affecting 
the  newer  malt  on  the  upper  kiln. 

Examples  of  kilning  methods  comparing  the  use  of  by-pass  outside  air 
with  a  system  where  all  the  air  employed  originates  in  the  heating  cham¬ 
bers  appears  in  Table  106. 


Table  106 

HEAT  REQUIREMENT  FOR  DOUBLE  KILN  EMPLOYING  DIRECT  HEAT  CONTRASTED  WITH  ONE 

USING  BY-PASS  AIR 


Direct  Heat 


Entrance 
Air  Heat 
Chamber 


Exit 

Air  Heat 
Chamber 


Exit 

Air  Malt 
Bed 


Temperature,  °F. 

Relative  humidity,  per  cent 

Moisture  of  air  (water  per  1 00  lbs.  dry  air ) 

Heat  content  (Total  B.t.u.  per  100  lbs. 

dry  air)  . 

Water  removal  (B.t.u.  per  pound  of  water) 
Quantity  water  removed  first  hour  after 
loading,  lbs.  (2,000  bu.  at  rate  60  cu. 
ft./bu./min.) 


32 

135 

73 

80 

2.3 

90 

C.303 

0.303 

1.573 

1096 

3528 

3528 

1947 

6788 

By-pass  Air  Employed 
(20  Per  cent  Admixture) 


Entrance 
Air  Heat 
Chamber 


Exit  Air 
Heat 
Chamber 


Entrance 
Air  Upper 
Kiln 


Exit 

Air  Upper 
Kiln 


Temperature,  °F. 

Relative  humidity,  per  cent 

Moisture  of  air  (water  per  100  lbs.  dry  air) 
Heat  content  (total  B.t.u.  per  1 00  lbs.  dry 
air)  .,  c 

Water  removal  total  (B.t.u.  per  lb.  o 

Total* quantity  water  removed  first  hour 
after  loading,  lbs.  upper  and  lower  kdn 


32 

80 

0.303 

135 

2.3 

0.303 

93 

24 

0.720 

1096 

3528 

3040 

67 

90 

1.278 

3040 

1870 

5492 


ss  iris >.  ”  . . . . . . . 
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air,  it  is  assumed  that  the  malt  in  the  lower  kiln  has  a  moisture  content 
of  about  ten  per  cent  and  that  the  relative  humidity  of  the  air  leaving 
that  malt  is  16  per  cent.  It  is  also  assumed  that  the  20  per  cent  ad¬ 
mixture  of  outside  air  reduces  the  velocity  and  quantity  of  air  passing 
through  the  heating  chamber  and  the  lower  kiln  while  permitting  passage 
of  the  maximum  quantity  through  the  upper  kiln.  A  detailed  example 
of  the  calculation  appears  on  p.  505. 


Table  107 


HEAT  REQUIREMENT  FOR  DRYING  SINGLE  LEVEL  KILN - DRYING  EFFICIENCY  OF  GERMINATING 

COMPARTMENT  EXHAUST  AIR  CONTRASTED  WITH  THE  CONVENTIONAL  USE  OF  OUTSIDE  AIR 


All  Outside  Air 

Entrance 
Air  Heat 
Chamber 

Exit 

Air  Heat 
Chamber 

Exit 

Air  Malt 
Bed 

Temperature,  °F. 

Relative  humidity,  per  cent 

Moisture  of  air  (lbs.  of  water  per  100  lbs.  dry  air) 
Water  removal  (B.t.u.  per  pound  of  water) 
Quantity  water  removed:  lbs.  in  first  hour  after 
loading  (2,000  bu.  at  rate  60  cu.  ft./bu./min.) 

32 

80 

0.303 

122 

3.5 

0.303 

70 

90 

1.420 

1920 

6098 

70  Per  cent  Germinating 
Compartment  Air 

Entrance 
Air  Heat 
Chamber 

Exit 

Air  Heat 
Chamber 

Exit 

Air  Malt 
Bee  1 

Temperature,  °F. 

Relative  humidity,  per  cent 

Moisture  of  air  (lbs.  of  water  per  100  lbs.  dry  air) 
Water  removal  (B.t.u.  per  pound  of  water) 

Quantity  water  removed:  lbs.  in  first  hour  after 
loading  (2,000  bu.  at  rate  60  cu.  ft./bu./min  ) 

51 

96 

0.762 

122 

9 

0.762 

75.5 

90 

1  .718 
1754 

5347 

The  economics  of  fuel  consumption  are  comparable,  each  system  re¬ 
quiring  about  1940  B.t.u.  to  remove  a  pound  of  water  during  the  initial 
drying  period.  The  difference  occurs  in  that  30  per  cent  less  water  is 
removed  during  the  first  hour  when  by-pass  air  is  used.  It  is  not  to  be 
nstrued  that  the  entire  kilning  period  is  lengthened  to  this  degree  as 

Generally  h  "T  ^  ^  ^  2  -  3  '«»■«  of 

enerally  the  entire  drying  period  is  only  lengthened  by  a  few  hours. 

,  vl0m  y*  |  e  clor  °f  increased  drying  time  can  be  compensated  for 

fa"  P0Wer-  u  is  to  assume  that  the  cited  ai 

elocity  of  60  cubic  feet  could  be  increased  to  75  cu  ft  bu  min  t 
achieve  the  desired  drying  in  a  comparable  length  of  time 

Control  of  the  humidity  of  the  heated  air  entering  the  kiln  has  been 
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recognized  to  be  of  value  in  achieving  malt  quality.  Pale  malts  of  de¬ 
sirable  mellowness  and  soluble  nitrogen  have  been  prepared  by  drying 
with  an  initial  air  temperature  of  120  to  130°F.  and  a  relative  humidity 
of  15  to  20  per  cent. 

Experimental  kilning  has  been  conducted  where  the  humid  exhaust 
air  from  the  germinating  chambers  has  been  mixed  with  outside  air  prior 
to  entering  the  heating  chambers.  A  time-temperature  diagram  of  dry¬ 
ing  employing  a  mixture  of  70  per  cent  exhaust  air  and  30  per  cent  out¬ 
side  air  appears  in  Table  107. 

While  the  example  of  the  use  of  all  outside  air  was  shown  to  affect 
an  approximate  twelve  per  cent  greater  moisture  removal  the  first  hour, 
admixture  of  the  malt  house  exhaust  air  achieved  almost  10  per  cent  less 
heat  expenditure  per  pound  of  water  removal. 

Dickson  (1942)  has  studied  some  of  the  changes  which  occur  in  malt 
within  the  final  kilning  or  curing  period.  This  phase  is  arbitrarily  assumed 
to  begin  when  the  moisture  falls  below  10  to  12  per  cent. 

Increased  heat  is  responsible  for  a  marked  decrease  in  diastatic  power 
and  a  small  reduction  in  extract.  The  soluble  protein  remains  comparable 
at  the  kilning  temperature  investigated.  The  data  is  presented  in 
Table  108. 


Table  108 


THE  INFLUENCE  OF  TEMPERATURE  AND  TIME  OF  DRYING  ON  THE  COMPOSITION  OF  MALTS  MADE 
FROM  ODERBRUCKER  AND  WISCONSIN  BARBLESS  BARLEYS  1939  SERIES  _ 


Drying  Treatment1 
Temperature  in  °F. 


Diastatic  Extract 

Moisture  Power  Dry  Basis  Soluble 
Per  cent  °L.  Per  cent  Protein2 


Oderbrucker  variety 
12  hrs.  at  1 1 3 

1 2  hrs.  at  1 1 3 ;  4  hrs.  at  1  31  ;  4  hrs.  at  1 49 

12  hrs.  at  113;  4  hrs.  at  131;  6  hrs.  at  149; 

2  hrs.  at  167 

1 2  hrs.  at  1 1 3 ;  4  hrs.  at  1 31  ;  6  hrs.  at  1 49 ; 
2  hrs.  at  167;  2  hrs.  at  185 
Wisconsin  Barbless  variety 
12  hrs.  at  113 

12  hrs.  at  113;  4  hrs.  at  131;  4  hrs.  at  149 

12  hrs.  at  113;  4  hrs.  at  131;  6  hrs.  at  149; 

2  hrs.  at  167 

12  hrs.  at  113;  4  hrs.  at  131  ;  6  hrs.  at  149; 
2  hrs.  at  167;  2  hrs.  at  185 


6.1 

4.5 

221 

193 

72.9 

73.0 

38.9 

38.5 

3.7 

165 

72.6 

38.5 

3.2 

135 

72.3 

38.5 

7.1 

4.9 

119 

107 

74.3 

74.6 

32.5 

30.5 

3.9 

85 

73.9 

30.5 

3.1 

60 

73.5 

30.0 

•  ,  O  U  J  „  77°F  nhis  4  hrs  at  95°F„  plus  additional  treatment  indicated. 

I  £i  on„"Kr,„ei„  Lumw  ,  ,o.,l 


Drying  at  temperatures  about  190°F.  is  frequently  associated  with  a 

reduction  of  the  soluble  protein  as  a  result  of  the  anuuo  aads  e  g 

the  reactions  responsible  for  melanoidm  format,™.  When  measure 


into 
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analytically,  the  alpha-amylase  activity  is  reduced  but  slightly  when  malt 
is  kilned  off  below  180  to  185  F. 

The  activity  of  limit-dextrinase  and  of  some  of  the  proteolytic  and 
viscosity  reducing  enzymes,  as  well  as  others  presently  unclassified,  is 
rapidly  diminished  at  temperatures  above  140  to  150  F. 


EXAMPLE  OF  KILN  HEATING  REQUIREMENT 

[.  Admixture  of  Fresh  Air  with  the  Heated  Air  Exhausted  from  Lower 
Kiln  as  Affects  the  Drying  of  the  Green  Malt  on  the  Upper  Kiln 

Example  A  (Control ).— No  admixture  of  fresh  air;  all  drying  air  passes 
through  the  heating  chambers.  This  may  be  construed  to  be  a  single 
level  kiln  and  the  malt  is  a  newly-loaded  lot  with  a  moisture  of  45  per 
cent. 

1.  Fresh  air  enters  heating  chambers  at  32°F.,  80  per  cent  relative 
humidity  and  contains  0.303  lbs.  of  water  and  1096  B.t.u.  per  100  lbs.  dry 
air. 

2.  The  air  is  heated  to  135°F.,  has  a  relative  humidity  of  2.3  per  cent 
and  a  calorific  content  of  3568  B.t.u.  per  100  lbs.  of  dry  air. 

3.  The  air  is  exhausted  from  the  upper  kiln  at  73°F.,  90  per  cent  rela¬ 
tive  humidity  and  contains  1.573  lbs.  water  per  100  lbs.  dry  air. 

4.  Calculations 

tI  .  .  3568  —  1096 

a.  Heat  requirements:  y  573  _  ()  3(-)3  =  1947  B.t.u./Ib.  water  re- 
moved. 

b.  Evaporation  rate:  2,000  bushels  at  45  per  cent  moisture  are 
ventilated  for  one  hour  at  the  rate  of  60  cu.  ft./bu./min.  under 
the  condition  stated. 

Water  evaporated  first  hour: 


2000  X  60  X  60  ^ 1,575 ) 


( u.oui) 


=  6788  lbs. 


( 13.75  X  100 )  ( 15.05  X  100) 

Example  B.-The  lower  level  of  a  two  stage  kiln  contains  malt  at  10 
pa  cent  moisture.  The  upper  kiln  is  newly  loaded,  the  green  malt  mois- 

,e  bc''nfJ  45  Pf  eent-  A  by-pass  or  opening  to  the  outside  air  exists 
between  the  decks  of  the  lower  and  upper  kiln 

moisture  PTh  SS  the  malt  in  the  Wer  kiln  has  10  per  eent 

no  s  me.  The  air  exhausted  from  the  malt  has  a  temperature  of  10S°F 

and  6  per  cent  relative  humidity.  Contained  in  100  lbs  of  dry  a,r  afe 
U.890  lbs.  of  water  and  3527  B.t.u.  y  are 

2.  Admixture  of  20  per  cent  outside  air  is  affected  The  air  has  ,  r 
perature  of  32°F„  80  per  cent  relative  humidity  and  contains  0^3  ^ 
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of  water  and  1096  B.t.u.  per  100  lbs.  dry  air. 

3.  The  mixture  of  air  entering  the  bed  of  malt  on  this  upper  kiln  has  a 
temperature  of  93° F.,  21  per  cent  relative  humidity  and  contains  .0720 
lbs.  of  water  and  3040  B.t.u.  per  100  lbs.  dry  air. 

4.  The  air,  exhausted  from  the  green  malt  on  the  upper  kiln,  has  a  tem¬ 
perature  of  67  F.  and  90  per  cent  relative  humidity  and  contains  1.278 
lbs.  of  water  per  100  lbs.  dry  air. 

5.  Calculations 

a.  Heat  requirements: 


(0.890  -  0,303)  (3527  -  1096  +  (1.278  -  .720)  (.8  X  3527)  -  1096) 

1.278 


=  1870  B.t.u. 


1870 

_  —  1633  B.t.u. /lb.  water  removed 

1.145 

b.  Evaporation  rate  employed  is  60  cu.  ft.  per  bu.  per  min.  Upper 
and  lower  kiln  each  contain  2,000  bushels  of  malt. 


0.8  X  7,200,000 
Upper  kiln: 


7,200,000 


(0.890) 

( 14.48  X  100 


(1.278) 


(0,303) 


(14.98  X  100) 
(0.720 


=  2375  lbs.  water 


—  =3117  lbs.  water 


( 13.53  X  100)  (14.07  X  100) 

Total  Water  Removal  First  Hour:  2375  +  3117  =  5492  lbs. 

XI.  Admixture  of  Germinating  Compartment  Exhaust  Air  (59  F.,  90  per 
cent  relative  humidity)  with  Outside  Air  (32  F.,  80  per  cent  relative 

humidity ) 

Example  A  (Control). -Air  at  32°F„  80  per  cent  relative  humidity 
heated  to  122°F.  All  drying  air  passes  through  the  heating  ciam  er  • 
The  calculations  parallel  Example  A,  4  of  No.  I. 

4.  a.  Heat  requirements: 

3214  —  1096 
1.420  —  0,303 

b.  Evaporation  rate  (2,000  bushels  at  6(1  cu.  ft.  per  hu.  per  min.). 
(1.420)  (0,303) 

7,200,000 


_  1920  B.t.u. /lb.  water  removed 


(13.4  X  100)  (14.60  X  100) 


6098  lbs.  evaporated  first  hour 
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Example  B.-Seventy  per  cent  exhaust  air  (59°F.,  90  per  cent  rela¬ 
tive  humidity)  mixed  with  30  per  cent  outside  air  (32°F.,  80  per  cent 
relative  humidity).  All  drying  air  passes  through  the  heating  chambers. 
This  example,  as  well  as  “Example  A,”  above,  mgy  be  construed  to  treat 
a  single  level  kiln  and  the  malt  is  a  newly-loaded  lot  with  a  moisture  of 
45  per  cent. 

1.  Germinating  exhaust  air  at  59  F.  and  90  per  cent  relative  humidity 
contains  0.9594  lbs.  of  water  and  2439  B.t.u.  per  100  lbs.  dry  air. 

Outside  air  at  32° F.  and  80  per  cent  relative  humidity  contains  0.3025 
lbs.  of  water  and  1096  B.t.u.  per  100  lbs.  dry  air. 

2.  Seventy  per  cent  germinating  exhaust  air  plus  30  per  cent  outside  air, 
when  entering  heating  chambers,  has  a  temperature  of  51  F.  and  nine 
per  cent  relative  humidity  and  contains  0.762  pounds  of  water  and  2036 
B.t.u.  per  100  lbs.  dry  air. 

3.  When  exhausted  from  the  bed  of  malt,  the  air  has  a  temperature  of 
75.5°F.  and  90  per  cent  relative  humidity  and  contains  1.718  lbs.  of  water 
per  100  lbs.  dry  air. 

4.  Calculations 

a.  Heat  requirements: 


3713  —  2036 
1.718  -  0.762 


=  1754  B.t.u.  per  lb.  water  removed 


b.  Evaporation  rate  (60  cu.  ft.  per  bu.  per  min.;  2000  bu.  of  malt). 


7,200,000 


(1.718) 

( 13.7  X  100 ) 


(0.762) 


( 14.9  X  100 ) 

=  5347  lbs.  water  evaporated  first  hour 

Sulfur  Dioxide  in  Kilning 

A  large  quantity  of  the  malt  finding  its  way  into  commercial  channels 
is  sulfured.  Sulfur  dioxide,  originating  from  the  burning  of  lump  sulfur 
or  the  evaporation  of  liquefied  gas,  is  applied  to  the  green  malt  immedi¬ 
ately  after  kiln  loading.  When  burned,  pans  containing  the  sulfur  are 
placed  adjacent  to  the  heating  chambers  and  the  gas  is  drawn  up  into 
the  malt  as  dispersed  in  the  heated  air. 

When  considered  quantitatively,  the  gas  from  the  burning  sulfur  ap¬ 
pears  to  be  more  effective  than  that  evaporated  from  the  liquid  phase 
probably  due  to  the  presence  of  trioxides  in  the  former.  Gas  from  the 
liquid  phase  has  value  as  its  rate  of  application  can  be  more  readilv  con¬ 
trolled.  One  system  available  for  controlled  application  of  sulfur  dioxide 
is  that  designed  by  the  Virginia  Smelting  Company. 
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Among  the  primary  objectives  of  the  application  of  sulfur  dioxide  are 
the  bleaching  of  the  malt  and  the  destruction  of  possible  mold  and  bac¬ 
teria  whose  presence  during  initial  drying  may  be  detrimental  to  quality. 

Use  of  sulfur  dioxide  is  associated  with  an  increase  of  soluble  protein 
and  extract.  Witt  and  Adamic  (1957)  studied  the  effect  of  kiln  sulfur 
dioxide  on  the  malt  proteolytic  activity  exerted  during  mashing.  The 
degree  of  sulfuring  was  considered  to  be  relatively  heavy  and  was  equiva¬ 
lent  to  the  passage  of  2250  cubic  feet  of  air  containing  0.08  per  cent  sul¬ 
fur  dioxide  through  one  bushel  of  malt. 

It  was  demonstrated  that  this  degree  of  sulfuring  was  responsible  for 
the  increase  of  the  acidity  of  the  mash  from  pH  5.7  to  pH  5.3. 

The  increase  in  total  soluble  protein  as  affected  by  sulfuring  approxi¬ 
mated  30  per  cent.  It  was  concluded  that: 

1.  Part  of  the  increase  was  independent  of  mashing  and  existed  as  pre¬ 
formed  “proteins,”  probably  enzymatically  formed  during  the  initial  kiln¬ 
ing  phase. 

2.  Depression  of  the  acidity  by  0.4  pH  units  was  associated  with  the 
acceleration  of  mash  proteolytic  activity. 

3.  Kiln  sulfuring  was  responsible  for  an  actual  net  increase  of  enzymatic 
activity  which,  in  itself,  was  independent  of  the  effect  of  mash  pH  value. 

Use  of  kiln  sulfur  dioxide  is  known  to  produce  malts  of  resultant  sulfur 
dioxide  content.  However,  laboratory  beers,  when  compared  with  those 
from  unsulfured  malts,  do  not  reflect  the  increases  observed  in  the  sul- 
fured  malts  (Witt  1950). 
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CHAPTER  19 


Donald  W.  Ohlmeyer 


Brewing 


INTRODUCTION 

The  fermentation  of  cereal  grains  to  produce  beer  is  as  old  as  history 


itself,  and  the  basic  processes  used  today  are  essentially  the  same  as  those 
used  in  ancient  times.  The  application  of  scientific  methods  to  brewing 
has  resulted  in  more  detailed  knowledge  of  the  reactions  taking  place 
and  has  thus  enabled  control  of  the  various  steps  to  obtain  the  type  of  beer 
desired  and  to  ensure  a  product  having  optimum  flavor,  color  and  stability. 


A  brief  general  description  of  the  brewing  process  will  be  given  first, 


and  the  details  of  the  various  steps  will  be  dealt  with  in  later  sections. 

The  main  ingredient  in  beer  is  malt.  Malt  is  usually  prepared  from 
barley  which  has  been  soaked  in  water,  drained,  and  sprouted  until  the 
acrospire  (plumule)  has  grown  to  an  average  length  equal  to  three-fourths 
of  the  kernel  length.  The  green  (moist)  malt  is  then  dried  to  halt  growth 
and  stored.  Malting  develops  the  amvlolytic  enzymes  which  change 
starch  to  fermentable  sugars,  the  source  of  the  alcohol  in  beer.  Malt  also 
contains  proteins,  protein  breakdown  products  and  a  host  of  other  chemi¬ 
cal  entities  which  are  a  source  of  flavor  and  act  as  nutrients  for  the  yeast 
during  fermentation.  An  extensive  discussion  of  the  malting  process  is 
given  in  Chapter  18. 

Corn  and  rice  are  used  as  adjuncts  in  present-day  brewing,  to  obtain  the 


paler,  snappier,  less  filling  beer  preferred  by  today’s  consumers.  These 


adjuncts  are  heated  to  boiling  in  the  presence  of  a  small  amount  of  ma  t 
to  furnish  amvlolytic  enzymes.  The  heating  gelatinizes  the  starch,  per¬ 
mitting  more  rapid  attack  by  the  enzymes,  which  liquefy  the  gelatinized 
starch  without  converting  it  to  sugar.  The  heating  is  usually  m  stages, 
the  temperature  being  held  for  some  time  at  specified  temperatures 


rrii ro  iVip  pn';vinp<;  time  to  act. 
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Fig.  130.  Flow  Diagram  of  the 
Brewing  Process 
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called  wort,  then  passes  to  the  lauter  tub  (No.  8),  which  has  a  false 
bottom.  The  grain  husks  collect  on  this  false  bottom  and  form  a  filter  bed, 
through  which  the  sugar-containing  liquid,  called  wort,  is  strained. 

The  clear  liquid  goes  to  the  grant  (No.  9)  and  then  to  the  kettle  (No. 
10)  where  it  is  boiled  for  about  two  and  a  half  hours,  with  addition  of 
hops  and  (usually)  corn  sugar  (dextrose).  During  boiling  some  of  the 
hydrolyzed  protein  and  the  albumin  are  coagulated,  the  enzymes  are 
destroyed  and  the  liquid  is  sterilized.  When  the  boiling  is  finished  the 
hot  wort  is  strained  in  the  hop  strainer  (No.  11)  to  remove  the  leaves 
and  stems  of  the  hops,  and  then  collected  in  the  hot  wort  tank  (No.  12). 
After  cooling  in  the  cooler  (No.  13)  and  the  cooler  pan  (No.  14),  the 
yeast  is  mixed  in  and  the  mixture  pumped  to  the  settlers  (No.  15)  where 
it  remains  for  10  or  12  hours.  After  this  the  wort  is  pumped  to  the  fermen¬ 
tation  tanks  (No.  16)  where  it  remains  until  fermentation  is  complete 
and  the  sugars  have  been  converted  to  ethyl  alcohol  and  carbon  dioxide. 
Storage,  addition  of  chillproof  (to  hydrolyze  /1-globulin  and  prevent  its 
precipitation  on  chilling)  and  carbonation  follow  (see  Fig.  130). 

There  are  several  different  types  of  beer,  the  differences  being  deter¬ 
mined  by  the  proportions  of  ingredients  used  and  details  of  preparation. 
Most  beers  are  produced  by  bottom  fermentation,  that  is,  with  a  yeast 
which  sinks  to  the  bottom  of  the  tank  during  fermentation. 

The  term  “lager  beer ”  simply  means  that  the  beer  has  been  aged  after 
fermentation.  Pilsener  beer  is  a  pale  beer  having  a  high  hop  rate  and  a 
very  stable  head.  Munich,  or  Munchener  beer  is  darker  and  sweeter 
than  Pilsener  and  has  a  more  pronounced  malt  flavor,  due  not  only  to 
use  of  a  darker  malt  but  also  to  a  lower  hop  rate.  Bock  beer  is  a  tradi¬ 
tional  spring  time  beer,  being  brewed  in  the  winter.  It  is  darker  in  coloi 
and  usually  sweeter  and  fuller  bodied  than  other  types.  Caramelized  or 

roasted  malt  is  used  in  its  preparation. 

The  principal  beers  produced  with  top  fermenting  yeast  are  ale,  porter 
and  stout.  The  distinction  between  bottom-  and  top-fermenting  yeast 
will  be  described  in  detail  in  a  later  section  of  this  chapter. 


RAW  MATERIALS 

The  selection  of  the  proper  raw  materials  is  vital  to  the  brewing  indus¬ 
try,  as  it  is  impossible  to  brew  a  superior  product  from  inferior  starting 
materials.  Some  pertinent  information  regarding  raw  materials  will  ic 

briefly  discussed. 


Barley 

Two  factors  are  responsible  for  the  use 
for  brewing:  ( 1 )  it  can  be  grown  in  a  gre 


of  barley  as  the  primary  cereal 
at  variety  of  climatic  conditions, 
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and  thus  is  found  all  over  the  world,  and  (2)  its  straw-like  husk  makes  it 
easier  to  process.  The  husks  are  not  removed  by  threshing,  and  therefore 
protect  the  embryo  during  malting.  They  also  assist  in  the  clarification 
of  wort  by  forming  an  efficient  filter  bed. 

The  two  main  types  of  barley  are  the  two-rowed  and  the  six-rowed 
varieties.  The  two-rowed  barleys,  Hordeum  distichum,  are  considered 
in  Europe  to  be  the  best  for  brewing.  They  are  generally  sown  in  the 
early  spring.  In  the  United  States,  these  barleys  are  cultivated  in  the 
Pacific  Northwest.  Six-rowed  barleys,  Hordeum  hexastichum,  known  as 
winter  barleys  because  they  are  sown  in  the  fall,  are  the  most  important 
grown  in  North  America,  and  are  extensively  used  for  brewing.  Bar¬ 
ley  grown  in  the  Red  River  Valley  is  considered  best  for  this  purpose. 

Present  practice  is  to  select  a  pure  line  and  strain  of  barley,  having 
known  malting  characteristics.  A  more  detailed  discussion  of  barley  for 
malting  will  be  found  in  Chapter  18. 


Other  Grains  and  Sugars 

Rice  and  corn  are  often  used  as  adjuncts  in  brewing,  especially  when  a 
pale  color  is  desired.  The  starches  of  these  grains  must  be  boiled  before 
they  can  be  attacked  by  the  malt  enzymes.  Rice  is  used  in  the  form  of 
grits,  which  are  broken  grains  obtained  in  the  course  of  dehulling  and 
polishing.  The  lipid  content  of  the  rice  used  for  brewing  should  not 
exceed  0.5  to  0.7  per  cent.  Pre-boiling  of  com  can  be  avoided  by  using 
flakes,  obtained  by  passing  de-germed  moistened  ground  meal  between 
heated  cylinders  to  gelatinize  the  starch.  The  fat  content  of  the  flour 
should  not  be  over  one  per  cent,  and  the  fat  must  not  be  rancid,  as  other¬ 
wise  free  fatty  acids  would  pass  into  the  beer. 

Dextrose  is  often  added  to  the  kettle  to  increase  the  amount  of  ferment¬ 
able  sugar.  Commercial  dextrose  contains  variable  amounts  of  dextrins, 
which  are  not  objectionable,  as  they  give  the  beer  a  mellow  flavor.  The 
c  extrose  used  should  have  a  neutral  reaction  in  aqueous  solution,  and 
should  contain  no  iron  or  starch. 

Hops 

IUI>Ulm’  ^  3  Perennial  climbinS  and  carries 
ale  and  female  influorescences  on  separate  plants.  Only  the  female  ones 

used  in  brewing.  The  flowers  contain  small  lupulin  glands  which 

“t  ;ittT  resinsrd  Tntial  °ik  HoPs  are  Picked  in  late  August 
contem  tf  ‘  "7  ’To  "T*  **  dried  as  raP«%  as  possible  to  a  moisture 
T  es sen  i  r  1  h”  *°  °Xidati°"  and  polymerization  of 

f^Ksritd”:rr’  temperat,ire  shoul<,  not  ^  ^ 
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The  hops  grown  in  Czechoslovakia  are  considered  to  he  the  finest.  In 
the  United  States,  hops  are  grown  mostly  in  Oregon,  California,  Idaho  and 
New  York.  American  hops  are  characterized  by  a  rather  fruity  flavor. 
The  average  chemical  composition  of  kiln-dried  hops,  as  given  by  De- 
Clerck  ( 1957),  is  shown  in  Table  109. 


Table  109 

COMPOSITION  OF  DRIED  HOPS 

Per  cent  t*er  cent 


Moisture 

Ash 

Cellulose  (gross) 
Essential  oils 


12.5 

7.5 

13.3 

0.4 


Ether  extract  (mostly  resins) 
Tannin 

Nitrogenous  matter 
Nnn-nitroeenous  extract 


18.3 

3.0 

17.5 

27.5 


From  the  standpoint  of  brewing,  the  important  constituents  of  hops  are 
the  resins  and  the  essential  oils.  Two  resins  are  known:  humulone  (cz- 
acid,  ct-resin)  and  lupulone  (/3-acid,  /3-resin).  It  has  been  shown  by 
Rigby  and  Bethune  (1952,  1953  and  1955)  that  humulone  is  a  mixture 
of  three  closely  related  substances,  called  humulone,  cohumulone  and  ad- 
humulone.  The  structure  of  these  compounds  has  been  elucidated  by 
Howard  and  Tatchell  ( 1954).  Lupulone  also  is  a  mixture  of  at  least  two 
related  compounds,  called  lupulone  and  colupulone,  and  probably  a  time 
compound  is  present.  Structures  for  the  first  two  compounds  have  been 
proposed  by  Riedl  ( 1954)  and  Howard  and  Pollock  ( 1954).  These  resins 
are  responsible  for  the  bittering  and  antiseptic  powers  of  hops,  and  seem 
to  be  peculiar  to  this  plant.  During  storage  the  resins  are  progressively 

oxidized  and  polymerized. 

The  essential  oils  of  hops  belong  to  the  terpene  group  of  hydrocarbons. 
They  consist  chiefly  of  myreene  and  humulene  ( a-caryophyllene ) ,  wn 
smaller  amounts  of  other  terpenes.  These  oils  are  also  subject  to  reunifi¬ 
cation  and  polymerization  when  the  hops  are  stored. 

Another  Important  component  of  hops  is  tannin.  This  has  been  found 
by  Vancraenenbroeck  and  Lontie  (1955)  to  consist  of  a  mix tore  o f  t 
least  three  different  groups  of  substances,  including  flavano  s  and  leuc 
anthoevanins.  Harris  (1956)  has  detected  a  number  of  individual  co 
pound J by  means  of  paper  chromatography  using  different  solvents.  op 

tannin  is  converted  to  reddish-brown  phlobaphene  on  oxidation,  behav, 

xx/Wh  is  characteristic  of  catechol  tannins. 

Hops  for  brewing  are  selected  chiefly  by  their  external  appearance  an 
Jof  origin.  Chemical  analyses  for  moisture  content  and  resins  are 

usually  carried  out. 
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Water 

Water  is  of  the  utmost  importance  in  brewing,  as  its  salt  composition 
has  a  pronounced  effect  on  the  character  and  flavor  of  the  beer  brewed 
with  it.  The  direct  effect  of  the  salts  on  the  flavor  of  the  beer  is  slight,  for 
the  reason  that  their  amount  is  small  in  comparison  to  the  total  mineral 
content  of  the  beer.  However,  different  salts  affect  enzymatic  and  other 
reactions,  as  well  as  the  solubility  of  the  malt  proteins,  in  different  ways, 
thus  exerting  a  powerful  indirect  effect  on  the  palate.  The  salts  are  in  the 
form  of  ions  in  a  very  dilute  solution,  so  that  it  is  inaccurate  to  speak  of 
specific  salts  being  present.  The  individual  ions  and  their  quantitative 
relationships  to  each  other  are  the  determining  factors  in  the  suitability  of 
the  water  for  brewing. 

A  high  pH  of  the  wort  must  be  avoided,  as  it  leads  to  uneven  saccharifi¬ 
cation  during  mashing,  difficulties  in  the  separation  of  the  wort  from  the 
spent  grain  (resulting  in  a  low  yield  of  extract)  and  incomplete  coagula¬ 
tion  of  the  proteins  during  boiling.  It  also  results  in  a  sharper  bittering 
flavor  from  the  hops  and  a  biologically  unstable  beer  susceptible  to  in¬ 
fection  with  lactic  organisms.  The  pH  of  the  water  depends  on  the  rela¬ 
tive  proportions  of  free  carbonic  acid  and  bicarbonate  ions.  The  pH  of 
the  water  has,  in  itself,  little  effect  on  the  acidity  of  the  wort,  as  the  free 
carbonic  acid  is  decomposed  to  carbon  dioxide  (most  of  which  escapes) 
and  water  on  heating.  The  acidifying  effect  of  the  water  on  the  wort  is 
due  primarily  to  the  reaction  of  calcium  ions  with  secondary  phosphate 
ions  derived  from  the  malt,  according  to  the  equation: 

3  Ca++  -f  2  HP04 —  Ca3(P04)2  +  2  H  +  . 

The  tertiary  calcium  phosphate  formed  is  insoluble  and  precipitates  out. 
The  reaction  does  not,  however,  go  to  completion.  This  effect  of  calcium 
ions  is  discussed  further  in  the  section  on  mashing.  Calcium  ions  also 

combine  with  proteins  to  form  undissociated  complexes  and  free  hvdro- 
gen  ions: 


Protein-Ho  -f-  Ca  +  +  =  Ca-proteinate  -f-  2 


n 


Similar  but  less  pronounced  effects  are  produced  by  magnesium  ions, 
magnum  "X  "g  in  the  ket,le'  b6CaUSe  °f  the  -Ability  of 

The  mechanism  of  the  action  of  other  ions  is  not  fully  clear  but  a  brief 

d::ZXT  °  S°me  effeCtS  be  g-en.  Sulfate  o^g ive  a  dr  r 

more  b.tter  flavor,  while  chloride  ions  result  in  a  mellower  and  softer 

•dsotoJc°lo'iTeA  'T  ?"SeS  degenCration  of  the  Yeast,  and  nitrites  are 
•  As  nitrates  are  partially  reduced  to  nitrites  during  fennen- 
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tation,  they  should  not  be  present  in  amount  larger  than  25  p.p.m.  Sodium 
ions  give  a  disagreeable  flavor,  and  in  the  presence  of  high  bicarbonate 
ion  concentration  give  high  alkalinity. 

T  he  specific  treatment  necessary  to  adjust  a  given  water  to  the  desired 
composition  will  depend,  of  course,  on  the  original  composition.  A  hard 
water  should  be  softened  by  one  of  the  usual  processes,  but  other  treat¬ 
ments  cannot  be  generalized.  The  final  composition  desired  depends 
to  a  large  extent  on  the  type  of  beer  to  be  brewed.  The  salt  composition 
of  the  water  used  for  several  well-known  types  of  beer,  as  listed  by  De- 
Clerck  ( 1957)  and  given  in  Table  110,  shows  some  of  the  variations.  The 

Table  110 


COMPOSITION  OF  VARIOUS  BREWING  WATERS 

(Mg./lOOO  Ml.) 


Pilsen 

Dortmund 

Munich 

Burton 

Total  solids  after  evaporation 

51 

1,110 

284 

1,790 

Calcium  (CaO) 

9.8 

367 

106 

520 

Magnesium  (MgO) 

1  .2 

38 

30 

145 

Sulfates  (SO*) 

4.3 

240 

7.5 

756 

Chlorides  (Cl) 

5.0 

107 

2.0 

34 

Nitrates  (N2O5) 

Trace 

Trace 

Trace 

22 

water  used  for  brewing  in  the  United  States  generally  has  pH  6.0  to  7.0, 
100  p.p.m.  calcium  and  magnesium  carbonates,  250  to  500  p.p.m.  calcium 
sulfate  and  200  to  300  p.p.m.  sodium  chloride. 

As  for  water  used  for  other  purposes  in  the  brewery,  its  specifications 
depend  on  the  use  to  which  it  is  put.  Water  for  boiler  feeds  and  attem- 
perator  coils  should  be  soft,  while  water  used  for  washing  the  plant  equip¬ 
ment  must  be  biologically  sterile. 


MALTING 

A  complete  discussion  of  the  malting  process  is  given  in  the  preceding 
chapter.  A  summary  of  this  discussion  is  presented  here  for  the  sake  of 
convenience.  After  harvesting,  the  barley  is  cleaned,  dried  (if  neces¬ 
sary)  and  stored.  To  prepare  the  malt  it  is  steeped  in  water  for  about  60 
to  80  hours  until  it  reaches  a  moisture  content  of  42  to  48  per  cent,  wit  i 
aeration  to  be  sure  that  enough  oxygen  is  present  for  the  growing  embryo^ 
The  steeping  liquor  is  changed  frequently  to  remove  micro-organisms  and 
the  temperature  should  not  be  allowed  to  rise  above  about  58  F.  When 
the  steeping  is  finished,  the  liquid  is  drained  off  and  the  barley  is  spreac 
in  a  thin  layer  on  the  malting  floor  for  germination. 

Reaumur  is  equal  to  1.25  degrees  Cent, grade,  or  2.25  Fahrenhett. 
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During  germination  there  is  development  of  the  complete  enzyme 
systems  for  hydrolyzing  starch  to  maltose  and  dextrins,  degrading  slightly 
soluble  protein  to  simpler  substances  and  hydrolyzing  organo-phosphates 
to  soluble  phosphates.  Some  of  these  enzymes  .are  present  in  unmalted 
barley  in  active  form,  some  are  present  but  closely  bound  up  with  other 
substances  so  that  they  cannot  act,  and  others  are  formed  during  germi¬ 
nation.  Beta-amylase  in  barley  is  bound  to  the  albumin  proteins,  but  is 
liberated  during  malting  by  the  action  of  proteolytic  enzymes.  Alpha- 
amylase  is  formed  during  germination.  Cvtase  is  active  during  germina¬ 
tion,  and  plays  an  important  part  by  hydrolyzing  hemicellulose  and 
rendering  the  endosperm  cell  walls  permeable  to  other  enzymes.  Pro¬ 
teolytic  enzymes  are  active,  and  the  proportion  of  nitrogen  soluble  in 
dilute  saline  solution  is  about  doubled  during  malting,  while  the  propor¬ 
tion  of  non-coagulable  nitrogen  increases  from  about  9  per  cent  in  barley 
to  30  per  cent  in  malt.  Other  enzymes,  such  as  phosphatase  and  oxi¬ 
dases,  are  also  active. 

Germination  is  allowed  to  continue  for  about  six  days  and  the  malt 
is  then  dried  by  kilning.  This  is  done  both  to  arrest  germination  and  to 
give  the  malt  the  flavor  desired  in  the  beer  to  be  brewed  from  it.  Care 
is  taken  not  to  inactivate  the  enzymes.  1  hey  are  protected  by  removing 
most  of  the  moisture  (all  but  about  ten  per  cent)  at  below  122°F.,  and 
then  heating  to  over  176°F.  but  not  over  221°F. 


iu/\ol  1 1  i\v» 

The  object  of  mashing  the  malt  and  adjuncts  is  to  bring  into  solution 

the  relatively  small  quantities  of  substances  which  are  soluble  without 

enzyme  action,  and  to  change  insoluble  substances  into  soluble  ones 

through  enzyme  action.  The  enzymatic  reactions  have  already  been 

initiated  during  malting,  but  are  speeded  up  and  controlled  by  regulating 

the  temperature  during  mashing.  For  example,  the  ratio  of  starch  break- 

i  own  c  unng  malting  to  that  during  mashing  is  about  1  to  10.  The  chemi- 

proteins,  gums,  pectins,  etc.  is  changed  in  such 

no  tard  l  l!  /"  W°rt  TtainS  *°  tn  14  P°r  ce,lt  total  “tract  and 
no  starch  or  <  extra,  g.v.ng  a  color  with  iodine.  The  pH  should  be  5  2  to 

^;r  ,r  IT  during  mashi"S  for  optimum  conversion  of 
,  SURars  ,and  to  Prevent  turbidity  caused  bv  complex  nitrocenous 
substances  resulting  from  incomplete  breakdown  of  pro^ns  Bee 

ofTbmty°m  WOrfS  ^  arS  *°°  a'kaline  Sh°W  <'  “lor  and  lack 

sufete  (gypsurno^mash^Th  ^  “  adds  or  calcium 
in  the  malt  to  aid  phosph^.  tZ^t”  ^ 
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phates  (calculated  as  P04).  Twenty  per  cent  of  this  is  soluble  phos¬ 
phate,  of  which  about  half  is  present  as  alkaline  phosphate  and  the  other 
half  as  acid  phosphate.  The  alkaline  phosphate  must  be  changed  to  acid 
phosphate  in  order  to  provide  buffer  action  for  regulating  the  pH.  The 
calcium  sulfate  reacts  with  the  alkaline  phosphates  according  to  the 
equation: 

3CaS04  +  4K2HP04  =  2KH,P04  +  3K,S04  +  Ca3(P04)2 


Another  function  of  the  calcium  sulfate  is  to  prevent  the  conversion  of 
acid  phosphates  to  alkaline  phosphates  by  the  calcium  carbonate  present 
in  the  water,  according  to  the  equation: 

4KH2P04  +  3CaC03  =  Ca3(P04)2  +  2KHP04  +  3H2C03 

The  pH  of  the  mash  immediately  after  mixing  with  soft  water  is  about 
5.8  and  the  titratable  acidity  is  about  0.05  per  cent.  The  acidity  at  once 
begins  to  increase  due  to  liberation  of  acid  phosphates,  lactic  acid  and 
other  acids,  such  as  amino  acids,  from  the  malt.  The  mash  may  be  held 
at  a  temperature  of  about  95  F.  for  30  to  60  minutes  to  promote  acidifi¬ 
cation.  If  held  too  long  at  this  temperature,  butyric  fermentation  may 
result.  This  period  is  known  as  the  “lactic  acid  rest  and  may  be  omitted 
if  an  outside  acidifying  agent,  such  as  lactic  acid,  is  used. 

Subsequently  the  temperature  is  increase  by  stages,  by  means  of  steam 
and  by  adding  adjunct  mash  from  the  cooker  at  appropriate  times.  Rests 
at  specified  temperature  levels  favor  specific  enzymatic  reactions.  ^ 

The  optimum  degradation  of  proteins  occurs  between  113  to  140  F., 
while  the  greatest  conversion  of  starches  to  fermentable  sugars  takes  place 
between  140°  to  149° F.  The  group  of  enzymes  converting  starch  into  dex- 
trins  and  maltose  is  called  “diastase.”  The  separate  enzymes  known 
to  be  present  in  this  group  are  ^-amylase  and  0-amylase.  It  was  sug¬ 
gested  by  Waldschmidt-Leitz  and  Mayer  (1935)  that  a  third  enzyme, 
called  amylophosphatase,  was  the  enzyme  responsible  for  the  liquefac  ion 
of  starch  during  mashing,  by  splitting 

Without  saccharification.  The  present  view  (DeClerck  1957)  is  that  this 
liquefaction  is  due  to  the  action  of  a-amylase.  During  mas  m  g  q 
faction  is  pronounced  at  122°  to  176°F„  with  an  optimum  range  of  158  to 
ifiT'F  Enzymes  of  fungal  and  bacterial  origin,  which  are  sometimes 
!,!ed  to  assisUiquefaction  of  unmalted  cereals,  have  high  liquefying  power 

an;Vrdtrit  theltlreh  can  be  liquefied  in  a  reasonable  length  of  time 
it -  be  gelatinized.  The  temperature 

type  of  starch  and  the  size  o  tie  gra  185°F  Gelatiniza- 

gels  at  about  140  F.  while  rice  starch  gels  at  176  to 
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tion  is  accompanied  by  a  sharp  rise  in  viscosity,  but  this  decreases  again 
on  liquefaction. 

Starch  is  hydrolyzed  by  both  a-  and  0-amylases.  Optimum  conditions 
for  0-amylases  are  122°  to  145°F.  and  pH  4.7  to  5.3.  It  is  destroyed  at 
temperatures  over  172°F.  It  is  already  quite  developed  in  ungerminated 
barley,  but  suffers  during  the  kilning  of  the  malt  because  of  the  high  tem¬ 
perature.  It  splits  off  maltose  directly  from  the  starch  molecule,  leaving 
behind  a  compound  of  the  amylo-dextrin  type.  While  sugar  formation 
from  up  to  60  per  cent  of  the  original  starch  proceeds  rapidly,  the  iodine 
test  continues  to  be  positive  for  a  long  time,  and  with  pure  0-amylase 
complete  conversion  may  never  be  attained.  During  mashing  the  length 
of  time  the  mash  remains  at  temperatures  favoring  0-amylase  activity 
140°  to  149°F.  determines  the  amount  of  maltose  formed,  and  thus  the 


alcohol  content  of  the  finished  beer. 

The  a-amvlase  has  optimum  activity  at  158  F.  and  pH  5.7.  It  is  more 
resistant  to  high  temperatures  but  less  resistant  to  low  pH  than  0-amylase. 
It  is  practically  inactive  in  ungerminated  barley.  Hydrolysis  of  starch 
by  a-amylase  leads  chiefly  to  the  formation  of  dextrins  of  the  type  giving 
a  negative  iodine  reaction.  Thus  a  high  mashing  temperature  (above  the 
optimum  for  0-amplase)  will  result  in  wort  having  high  dextrin  content 
and  low  fermentable  sugar  content,  yielding  low  alcoholic  beer. 

Beers  low  in  alcohol  because  of  high  dextrin  content  are  not  so  palat¬ 
able  as  beers  which  have  a  higher  alcohol  content  owing  to  processing. 
In  order  to  keep  the  amount  of  fermentable  sugar  low  the  temperature  of 
the  mash  must  be  raised  quickly  from  122  to  158  F.  to  suppress  0- 
amylase  activity,  and  this  rapid  rise  prevents  formation  of  the  intermedi¬ 


ate  protein  degradation  products  which  are  necessary  as  yeast  nutrients 
and  for  adding  body  to  the  beer. 

Starch  degradation  products  other  than  maltose  and  dextrins  are 
present  in  wort,  but  the  exact  mechanism  of  their  formation  has  not  been 
clarified.  Enzymes  other  than  the  diastase  group  mentioned  seem  to  be 
present  in  malt.  Maltase  is  present  in  detectable  amounts,  but  is  largelv 
denatured  by  heat  during  the  kilning.  The  application  of  paper  chroma¬ 
tography  in  brewing,  introduced  by  Harris  et  al.  (1951)  and  developed 
ami  simplified  by  McFarlane  and  Held  (1953)  has  shown  the  presence 
ot  many  different  carbohydrates.  These  have  been  classified  as  higher 
dextrins  maltotetraose  maltotriose,  maltose,  sucrose,  glucose  and  fructose. 

n  at  t  ltion  to  starch  hydrolysis,  an  important  function  of  mashing  is 
o  ring  about  changes  in  the  proteins  present  in  malt.  American  six 
row  barleys  contain  12  to  14  per  cent  protein,  of  which  roughly  two-thirds 
is  permanently  insoluble.  The  remaining  one-third,  or  about  3  to  5  per 
cent  of  dry  substance,  plays  an  important  part  in  brewing.  The  proteins 
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in  brewing  adjuncts  such  as  grits.  Hakes  etc,  are  inert  as  far  as  mashing 
is  concerned.  The  boiling  of  the  adjuncts  in  the  cooker  seems  to  coagulate 
the  portion  of  these  proteins  which  might  otherwise  be  soluble. 

During  mashing  part  of  the  insoluble  malt  proteins  are  converted  to 
soluble  ones,  but  a  small  fraction  of  the  dissolved  proteins  are  subse¬ 
quently  coagulated  when  the  wort  is  boiled  in  the  kettle.  The  balance 
of  the  dissolved  protein  material  is  unaffected  by  boiling,  and  is  there¬ 
fore  known  as  permanently  soluble  protein. 

Several  different  proteolytic  enzymes  ( proteinases )  are  present  in  malt, 
but  their  exact  number  and  nature  are  not  known.  They  break  the 
soluble,  complex  proteins  down  into  simpler  compounds  of  medium  mo¬ 
lecular  weight,  known  as  albumoses,  peptones  and  polypeptides.  These 
products  have  a  very  favorable  influence  on  the  palatability  and  foam 
of  beer.  It  is  essential  that  all  of  the  original  high  molecular  weight 
soluble  protein  be  degraded,  as  otherwise  it  will  cause  turbidity  and 
haziness  in  the  beer.  The  proteinases  have  an  optimum  temperature 
range  of  122°  to  140°F.  and  an  optimum  pH  range  of  4.3  to  5.7.  Further 
degradation  of  the  medium  molecular  weight  products  to  peptides  and 
amino  acids  is  brought  about  by  a  group  of  enzymes  known  as  peptidases. 
These  low  molecular  weight  products  are  important  as  nutrients  for  the 
yeast.  However,  an  excess  of  these  compounds  may  cause  sluggishness 
or  degeneration  of  the  yeast.  They  also  tend  to  increase  the  surface  ten¬ 
sion  and  decrease  the  foam  stability  of  beer.  High  mashing  temperatures 


favor  the  formation  of  peptones  while  lower  temperatures  favor  the  forma¬ 
tion  of  peptides  and  amino  acids. 

The  temperatures  and  time  intervals  in  a  typical  mashing  piocess  aic 
as  follows: 

The  albumin  or  protein  rest  is  at  113  F.  for  30  to  60  minutes.  Dining 
this  period  the  proteinases  are  very  active,  forming  low  molecular  weight 
nitrogen  compounds,  such  as  amino  acids,  amides  and  peptides,  from  the 
proteins.  Beta-amylase,  splitting  maltose  off  from  starch  is  only  moder¬ 
ately  active.  Acidification  and  formation  of  buffering  compounds  occurs. 

The  sugar  rest  is  at  133°  to  144°F.  for  5  to  30  minutes,  or  may  be  en¬ 
tirely  omitted.  This  temperature  is  near  the  optimum  temperature  for 
6-amylase,  which  is  thus  very  active.  Alpha-amylase,  which  forms  dex- 
trins,  is  moderately  active.  Proteinases  are  very  active,  but  at  this  tem¬ 
perature  produce  more  medium  molecular  nitrogen  compounds  than 
amino  acids.  For  beers  of  restricted  alcohol  content,  this  temperature 

range  should  be  passed  over  as  quickly  as  possible. 

The  dextrinizing  rest  is  at  136  to  162°F.  for  15  to  45  minutes  The 
dextrin-forming  a-amylase  is  very  active,  while  maltose  pi  eduction  is 
much  reduced  The  proteinase  forming  medium  molecular  compoun  . 
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is  somewhat  active,  while  that  forming  low  molecular  compounds  is  only 
slightly  active. 

Conversion,  is  at  162°  to  167°F.  for  10  to  20  minutes,  depending  on  the 
malt  and  previous  mashing  procedure.  This  is  the  optimum  temperature 
for  quick  and  complete  conversion  of  starch  to  dextrin  by  a-amylase. 
The  conversion  may  be  carried  out  at  154  to  162  F.,  instead,  if  desired. 
The  temperature  should  not  be  higher  than  167  F.,  or  the  diastase 
(amylases)  may  be  destroyed. 


TIME,  MINUTES 

1*IC.  131.  Mashing  Schedule  for  Cooker  and  Mash  Tub 


Tlw  Mashing-off  Temperature  is  usually  167°  to  176°F.,  and  is  held  for 
o  to  10  minutes.  At  this  temperature  most  of  the  enzymes  are  inactivated, 
although  a-amylase  retains  slight  activity.  The  mashing-off  temperature 
may  be  vaned  somewhat,  depending  on  the  desired  alcohol  content  of 
he  finished  beer.  For  medium  to  high  alcoholic  beers  a  low  mashing-off 
temperature  may  be  chosen,  because  maltose  formation  during  sparging 
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(subsequent  washing  of  mash  residue  to  remove  wort)  is  not  objection¬ 
able.  A  higher  mashing-off  temperature  172°  to  174° F.,  is  used  for  low  to 
medium  alcoholic  beer,  to  keep  maltose  formation  within  the  desired 
limits.  High  mashing-off  temperatures  make  the  wort  less  viscous  and 
facilitate  running  off  (wort  separation),  but  too  high  a  temperature  may 
lead  to  belated  but  incomplete  action  on  previously  unconverted  starch 
particles,  causing  turbid,  slow-running  worts  and  starch  turbidity  in  the 
cellar.  With  western  malts  it  is  advisable  to  keep  the  mashing-off  tem¬ 
perature  at  165°  to  167°F. 

The  mashing  schedule  is  shown  in  graph  form  in  Fig.  131. 


CLARIFICATION  OF  THE  WORT 


After  the  mashing  process  is  completed,  the  water-soluble  materials 
must  be  separated  from  the  spent  grain.  This  is  accomplished  by  filter¬ 
ing  the  liquid  through  a  bed  of  the  spent  grain  supported  by  a  false 
bottom  (made  of  perforated  plates).  The  filtration  may  take  place  in 
the  mash  tub  itself,  in  a  separate  vessel  known  as  a  lauter  tub,  or  in  a 
filter  press. 

Filtration  in  the  mash  tub  is  rather  inefficient,  and  is  not  common  prac¬ 
tice.  Most  frequently  the  filtration  is  carried  out  in  the  lauter  tub.  The 
mash  is  pumped  into  the  tub  and  allowed  to  stand  for  about  half  an  hour 
to  let  the  spent  grain  settle  and  form  a  bed  on  the  false  bottom.  Then 
taps  leading  from  the  bottom  of  the  tub  are  opened  and  the  woit  is 
allowed  to  flow  into  the  grant,  a  vessel  in  which  the  wort  can  be  inspected 
and  from  which  it  can  be  transferred  either  to  the  kettle  or  back  to  the 
top  of  the  lauter  tub.  The  wort  coming  through  into  the  grant  during  the 
first  10  to  15  minutes  is  usually  opalescent,  and  is  pumped  back  into  the 
lauter  tub  to  be  refiltered.  As  soon  as  the  filtered  wort  is  clear,  it  is  tians- 


ferred  to  the  kettle.  This  fraction  is  known  as  the  first  wort. 

The  process  is  continued  until  the  runnings  again  appear  opalescent 
and  the  rate  of  flow  decreases,  indicating  that  almost  all  of  the  liquid  has 
run  through.  At  this  point  the  taps  are  closed.  However,  the  filter  bed 
still  contains  a  good  deal  of  extract  which  must  be  recovered.  T  is  is 
done  by  spraying  hot  water  onto  the  filter  bed,  raking  it  to  mix  it 
thoroughly  with  the  water  (mashing  over),  allowing  the  spent  grain  to 
settle  again,  and  drawing  off  the  liquid  as  before.  This  process  is  ca  e 
sparging.  It  is  repeated  until  the  last  wort  contains  about  one  per  cent 
but  not  less  than  0.75  per  cent  extract.  During  sparging,  the  filtenc 
liquid  is  pumped  back  as  before  until  it  comes  through  clear. 

The  sparging  conditions  must  be  controlled  to  ensure  recovery  of  as 
much  ex*al  as  possible  without  also  extracting  deleterious  substances, 
rch  as  bmer  principles  and  tannins,  from  the  husks.  In  order  to  mam- 
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tain  optimum  conditions  the  sparging  water  is  treated  to  prevent  alka¬ 
linity,  and  the  temperature  of  the  sparge  liquor  should  not  be  higher  than 
175CF.  It  should,  however,  not  be  much  below  this  temperature,  or  tie 
viscosity  of  the  filter  bed  will  increase  to  an  extent  such  that  the  flow  of 
the  liquid  is  retarded.  Fig.  132  shows  a  view  of  the  grant  and  the  lower 

part  of  a  lauter  tub. 


Courtesy  of  Falstaff  Brewing  Corp. 

Fig.  132.  The  Grant,  Showing  Also  the  Lauter  Tub  and  the  Taps 


In  some  large  breweries,  filtration  in  the  lauter  tub  is  considered  to 
be  too  slow  for  efficient  operation,  and  a  plate  and  frame  mash  filter  is 
used  instead.  These  filters  are  constructed  similarly  to  the  filter  presses 
used  in  sugar  refineries,  but  high  pressure  is  not  used.  The  filter  consists 
of  hollow  frames  alternating  with  grooved  plates  covered  with  filter 
cloth.  The  wort  passes  through  the  filter  cloth  into  the  grooves  and  then 
through  faucets  into  a  collector  similar  to  a  grant.  Sparging  is  carried  out 
by  passing  the  brewing  water  either  from  the  pressure  side  or  the  inlet 
side  of  the  filter  press.  A  flow  diagram  of  such  a  filter  is  shown  in  Fig  133 


BOILING  OF  WORT 

1  he  boiling  of  wort  is  carried  out  to  sterilize  and  stabilize  it,  as  well  as 
to  extract  the  constituents  from  hops  which  give  beer  its  characteristic 
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Sparging  I  ine 


Fig.  1.34.  Adding  Hops  to  the  Brew  Kettle 


flavor  and  aroma.  Figs.  134  and  135  show  hops  addition  and  wort  boihg- 
The  slightly  acid  pH  of  the  wort  contributes  to  the  sterilization  a 
makes  it  unnecessary  to  raise  the  temperature  above  the  norma  bo ,,  g 
point  The  enzymes  are  also  destroyed  at  tins  temperature,  thus  prevent 
ing  further  breakdown  of  starch  and  proteins.  Dextrose  is  some 
added  to  the  kettle  to  bring  the  fermentable  sugars  to  the  propel  ev  . 


BREWING 


525 


During  boiling  unstable  colloidal  proteins  are  coagulated  by  the  heat 
aided  by  tannins  extracted  from  malt  husks  and  hops.  This  is  known  as 
the  “hot  break.”  Care  must  be  taken  to  coagulate  as  much  of  the  un¬ 
stable  protein  as  possible.  One  important  factor  is-  the  pH,  which  should 
be  near  the  iso-electric  point  of  the  proteins.  This  is  generally  con¬ 
sidered  to  be  about  5.2,  and  the  pH  should  reach  this  value  near  the  end 
of  the  boiling  period  (the  pH  drops  by  about  0.2  to  0.3  pH  unit  during 
boiling).  Thus  the  pH  of  the  wort  should  be  5.4  or  5,5  at  the  start  of 


Courtesy  of  Falstaff  Brewing  Corp. 

Fig.  135.  Wort  Boiling  in  the  Copper  Kettle 


the  boil.  Vigorous  boiling  also  aids  in  the  coagulation  of  the  proteins, 
as  albumin  particles,  already  denatured  by  heat,  tend  to  accumulate  on  the 
surface  of  the  wort  around  the  steam  and  air  bubbles,  and  agglomerate 
more  easily  because  of  their  proximity  to  each  other.  Excessively 
vigorous  boiling  m  an  open  kettle,  however,  may  have  detrimental  effects 

owing  to  conversion  of  coagulated  proteins  to  soluble  forms  through 
oxidation.  e 

Hops  are  added  chiefly  to  furnish  two  kinds  of  substances:  essential 
oils  and  resins.  1  he  resins  are  responsible  for  the  typical  bitter  flavor  of 
beer.  They  are  insoluble  in  cold  wort,  but  somewhat  soluble  in  hot  wort 
at  its  normal  pH.  As  they  are  only  very  sparingly  soluble  in  water  their 
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solubility  in  wort  is  attributed  to  their  adsorption  on  the  surface  of  stable 
colloids.  Some  of  the  resins  are  adsorbed  on  colloidal  particles  which  are 
later  precipitated,  and  thus  are  thrown  out  of  solution  again.  This  loss 
is  greater  at  lower  pH,  so  that  the  pH  of  the  wort  should  not  be  allowed 
to  fall  below  5.2.  During  boiling  the  resins  are  partially  hydrolyzed, 
oxidized  and  polymerized. 

The  essential  oils  of  the  hops  are  very  volatile,  and  evaporate  off  during 
boiling.  Therefore,  if  a  good  aroma  is  desired,  more  hops  must  be  added 
near  the  end  of  the  boiling  period.  Occasionally  hop  oil  is  added  to  the 
finished  beer  instead. 

Hopping  is  a  phase  of  brewing  in  which  detailed  scientific  knowledge 
is  rather  scanty,  and  the  best  procedures  for  attaining  the  desired  flavor 
and  aroma  remain  an  important  part  of  the  “art”  of  brewing. 

Another  change  occuring  during  boiling  is  a  darkening  of  the  color, 
caused  by  a  caramelization  of  sugar,  formation  of  melanoidins  and  oxida¬ 
tion  of  tannin  to  phlobaphene.  These  changes  are  accentuated  by  high 
pH  and  excessive  aeration.  The  reducing  power  of  wort  is  increased 
during  boiling  by  the  formation  of  so-called  reductones,  which  are  tauto¬ 
meric  compounds.  Aeration  of  the  wort  during  boiling  lowers  its  reducing 
power. 

The  usual  period  of  boiling  is  about  2  to  2 V2  hours.  At  the  end  of  this 
time  the  hot  wort  is  strained  in  the  hop  strainer  and  then  cooled. 


WORT  COOLING 

The  hot  wort  must  be  cooled  to  well  below  104  F.  befoie  fermentation, 
as  higher  temperatures  will  inactivate  the  yeast.  The  woit  is  cooled  to 
57°  to  61°F.  when  top-fermenting  yeast  is  to  be  used  and  to  43  to  46CF. 
for  bottom-fermenting  yeast. 

During  cooling  two  apparently  anomalous  conditions  must  be  fulfilled: 
( 1 )  care  must  be  taken  not  to  infect  the  wort  with  micro-organisms,  as  the 
temperature  range  between  104°  to  68°F.  is  most  favorable  for  their 
growth,  and  (2)  enough  oxygen  must  be  dissolved  in  the  wort  to  stimulate 
yeast  growth.  In  addition,  during  the  cooling  the  protein  coagu  ated  dur¬ 
ing  the  boiling,  the  “hot  break,”  should  be  entirely  eliminated  and  the 
turbid  matter  appearing  during  cooling,  the  “cold  break,  shoulc  le  a 
least  partly  precipitated  so  that  it  does  not  remain  colloidally  suspendec  . 

Modem  brewery  practice  is  to  solve  these  problems  by  using  c  ose 
coolers  and  pumping  measured  amounts  of  sterile  air  into  t  e  wor  m 
coolers.  A  common  design  is  that  of  concentric  pipes,  he  coo  .  ng M 
flowing  through  the  central  ones  and  the  wort  and  air  through  the  outer 
7  Too  much  oxygen  must  be  avoided,  as  an  excess  can  result  in 
oxidation  of  part  of  the  coagulated  protein,  preventing  effie.ent  precp.ta- 
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tion.  The  proteins  precipitate  partly  by  agglomeration  of  opposite  y 
charged  particles,  sucli  as  the  positively  charged  derived  albumins  and 
the  negatively  charged  nucleoproteins.  If  these  particles  are  approxi¬ 
mately  in  balance,  precipitation  will  be  nearly  complete.  Oxidation  may 
change  the  charge  on  some  of  the  particles,  thus  destroying  the  balance. 

To  minimize  bacterial  growth,  the  coolers  are  designed  to  cool  the  wort 
rapidly  to  below  the  optimum  growth  range.  In  the  later  stage  of  fer¬ 
mentation,  the  danger  of  infection  is  much  less,  as  the  disappearance  of 
sugars  and  appearance  of  alcohol  due  to  yeast  action  provides  a  less 
favorable  medium.  After  fermentation,  the  temperature  of  the  beer  is 
kept  low  throughout  the  later  processing,  so  that  it  remains  essentially 
sterile,  and  it  is  finally  pasturized. 


FERMENTATION 

Lager  beer  is  produced  with  bottom  fermenting  yeast.  For  this  the  wort 
is  cooled  to  43°  to  50  F.  and  pumped  into  a  collecting  tub  or  hot  wort 
tank.  It  remains  here  for  about  four  hours  to  give  the  turbidity  (hot  and 
cold  break)  time  to  settle  out,  and  is  then  transferred  to  the  pitching 
tub,  leaving  the  sediment  behind.  Here  it  is  pitched  (mixed)  with  the 
required  amount  of  yeast,  usually  3/4  to  1  lb.  per  barrel  of  wort,  and  the 
foam  formed  during  mixing  is  skimmed  off.  After  about  24  to  48  hours  the 
kraesen  appear.  These  are  heads  of  foam  caused  by  evolution  of 
gases,  which  carry  hop  resins  and  nitrogenous  material  to  the  surface 
with  them.  As  soon  as  kraeusen  appear  the  wort  is  pumped  to  the  fer¬ 
mentation  tank,  which  can  be  either  open  or  closed.  Usually  closed  fer- 
mentors  are  used  so  that  the  carbon  dioxide  produced  can  be  collected 
and  injected  back  into  the  beer  at  a  later  stage  in  the  processing. 

The  overall  reaction  occurring  during  fermentation  is  the  conversion 
of  fermentable  sugars  to  alcohol  and  carbon  dioxide.  This  being  an 
exothermic  reaction,  heat  is  generated  in  the  process. 

yeast 

(  (,H  i  -< *2CO,  -)-  2C2H5OH  -  22  calories 

Tlrerelore  the  temperature  will  rise,  but  it  should  not  be  allowed  to  ex¬ 
ceed  46  to  48  F  Temperature  control  is  accomplished  by  coils  in  the 

tank,  with  cold  liquid  (lowing  through  them.  These  coils  are  called 
attemperators. 

The  progress  of  the  fermentation  is  followed  by  determining  the  amount 

b Liigt '  fTT  WitH  “  sacc^arometer.  The  saceharometer  readings 
gni  to  fall  almost  immediately  after  the  wort  is  pitched  with  yejt 

and  fall  more  rapidly  as  fermentation  progresses.  The  fermentation  he¬ 
mes  very  active  15  to  18  hours  after  pitching  and  reaches  its  height  70 
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to  80  hours  after  pitching,  with  maintenance  of  this  level  for  48  to  72  hours. 
It  then  decreases  in  intensity,  and  fermentation  is  usually  complete  in  7 
to  9  days.  The  rate  of  drop  of  the  saccharometer  readings  is  0.2  to  0.5 
per  cent  per  day  in  the  early  stages,  reaches  1.0  to  1.5  per  cent  per  day  in 
the  later  stages,  and  then  falls  slowly  to  about  0.10  per  cent  in  the  final 
stages. 


Fig.  136.  Pitching  Yeast  in  a  Sterile  Storage  Area 


During  the  active  period  the  foam  rises  in  height  and  becomes  darker 
in  color  owing  to  hop  resins,  proteins,  dead  yeast  cells,  etc.  When  the  late 
of  fermentation  begins  to  decrease  the  head  of  foam  starts  to  collapse 
because  not  enough  gas  is  being  produced  to  support  it.  With  the  de¬ 
crease  in  fermentation  less  heat  is  generated  and  the  rate  of  attempera- 
tion  is  moderated,  but  the  temperature  should  not  be  allowed  to  rise 

above  59  F.  .  ,  , 

Fermentation  is  considered  to  be  complete  when  the  desirec  egr 
of  sugar  conversion  (called  attenuation)  has  taken  place.  It  secondary 
fermentation  during  storage  is  desired,  some  sugar  must  remain  o  ler 
wise  fermentation  is  continued  to  complete  attenuation.  When  fermen¬ 
tation  is  complete  the  beer  is  cooled  slowly  to  WF.  and  pumped  oft 
carefully,  in  a  manner  to  avoid  disturbance  of  the  sediment  at  the  bottom 

of  the  tank. 
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This  sediment  consists  of  three  layers.  The  bottom  layer  is  a  sludge 
composed  of  materials  settling  out  of  suspension  in  the  wort.  1  he  middle 
layer  is  the  yeast  crop,  which  is  saved  for  later  fermentations.  1  he  top 
layer  is  mostly  hop  resins.  Yeast  not  required  for  brewery  operation  is 
filtered,  dried  and  sold  for  use  as  stock  feed  and  for  human  consumption. 
Fig.  136  shows  a  special  sterile  storage  area  for  keeping  yeast  which  is 
to  be  used  for  pitching. 

While  the  overall  process  in  fermentation,  the  conversion  of  sugars  to 
alcohol  and  carbon  dioxide,  appears  to  be  a  simple  chemical  reaction, 
the  whole  process  is  a  combination  of  complex  reactions  involving  the 
metabolism  of  the  yeast.  Yeast  is  a  unicellular  organism,  composed  prin¬ 
cipally  of  water  (about  75  per  cent  in  pressed  yeast),  glycogen,  protein, 
yeast  gum,  lipids  and  mineral  salts.  The  action  of  yeast  on  wort  during 
fermentation  is  due  to  enzyme  action.  Some  of  the  principal  enzymes  in 
yeast  are  invertase,  maltase,  glycogenase,  phosphatase,  amidases,  oxydore- 
ductase,  hexokinase,  carboxylase,  protease  and  peptidases.  Not  all  of 
these  enzymes  are  able  to  act  upon  external  substrates.  Several  co¬ 
enzymes  are  also  present. 

The  growth  of  the  yeast  itself  is  a  phenomenon  separate  from  fermenta¬ 
tion,  but  in  brewing  the  two  go  hand  in  hand.  The  yeast  nutrients  are 
furnished  by  the  wort.  The  essential  classes  of  substances  which  must  be 
present  for  yeast  nutrition  are  mineral  salts,  sources  of  carbon,  energy 
sources,  nitrogen  sources  and  growth  factors.  The  necessary  mineral 
salts  are  normally  present  in  the  wort,  coming  partially  from  the  malt 
and  partially  from  the  brewery  water.  A  small  portion  (about  two  per 
cent)  of  the  fermentable  sugar  in  the  wort  is  utilized  by  the  yeast  as  a 
source  of  carbon  and  also  of  energy,  by  fermentative  breakdown  within 
the  cell.  The  nitrogen  requirements  are  satisfied  by  the  amino  acids  and 
peptides  present— more  complex  protein  fragments  and  proteins  them¬ 
selves  cannot  be  metabolized.  Yeast  can  synthesize  many  of  the  growth 
factors  which  it  requires,  the  specific  capacity  varying  from  one  strain  of 
yeast  to  another.  The  factors  which  must  be  present  in  the  growth 
medium  appear  to  be  present  in  normal  wort,  stemming  from  the  malt, 
which  is  rich  in  the  vitamin  B  complex  and  other  growth  factors. 

The  growth  of  yeast  during  fermentation  can  be  divided  into  five  well- 
defined  phases:  (1)  a  latent  phase,  lasting  a  few  hours,  during  which 
occurs  no  significant  visible  changes  in  the  cells;  (2)  a  lag  phase  with 
s  ow  growth,  lasting  only  a  short  time;  (3)  a  logarithmic  ph.Lwith  rlpid 

64op  f  f,W";  rate’  this  P,lase  continues  for  about  four  hours  at 
W  F.  but  only  eight  minutes  at  86°F.  under  ideal  conditions;  (4)  phase 

negative  acceleration,  during  which  the  rate  of  reproduction  f  ills 
slowly;  and  (5)  stationary  phase,  in  which  the  rate  of  multiplication  is 
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approximately  equal  to  the  rate  at  which  the  cells  die  and  autolyse. 

Several  changes  take  place  in  the  wort  during  fermentation,  in  addi¬ 
tion  to  the  attenuation.  The  pH  falls,  due  to  formation  of  carbon  dioxide 
and  organic  acids,  mostly  lactic  acid.  The  normal  pH  after  bottom  fer¬ 
mentation  is  4.2— 4.4,  or  occasionally  4.0  or  less,  depending  on  the  quantity 
of  buffers  present.  The  nitrogen  content  also  falls  by  about  one-third, 
due  chiefly  to  the  assimilation  of  amino  acids  and  peptides  by  the  yeast, 
and  partly  to  precipitation  of  complex  proteins  caused  by  the  lowered  pH, 
the  presence  of  alcohol,  and  concentration  at  the  surface  of  the  carbon 
dioxide  bubbles  and  the  yeast  cells.  At  the  end  of  fermentation  the  beer 
contains  about  0.3  per  cent  dissolved  carbon  dioxide,  and  practically  no 
dissolved  oxygen.  Hop  resins  are  largely  eliminated  by  the  fall  in  pH, 
adsorption  on  the  yeast  cells  and  coagulation  in  the  head.  The  bitter 
material  in  the  head  must  be  skimmed  off  carefully  to  avoid  too  sharp 
a  taste  in  the  finished  beer.  Finally,  the  color  of  the  wort  becomes  paler 
during  fermentation,  partly  because  of  eliminating  of  colored  substances 
in  tbe  scum  at  the  surface,  partly  because  of  the  reducing  action  of  yeast 
on  oxidized  tannin,  and  partly  by  the  normal  fall  in  color  intensity  accom¬ 
panying  the  drop  in  pH. 


STORAGE 


When  the  beer,  at  about  39°  F.,  is  pumped  out  of  the  fermentation  tank, 
it  passes  through  a  cooler  where  it  is  quickly  chilled  to  32  F.  and  then 
sent  through  a  diatomaceous  earth  filter.  Diatomaceous  earth  is  pref¬ 
erable  to  filter  mass  at  this  point,  as  the  latter  has  a  tendency  to  become 
clogged.  The  brilliant  filtered  beer  is  then  pumped  into  pressure  tanks 
in  a  storage  cellar  of  the  type  shown  in  Fig.  137.  Here  it  is  stored  at 
32° F.  and  is  carbonated  with  carbon  dioxide  previously  collected  from 
the  fermentation  tanks.  In  rare  cases  the  beer  is  not  chilled  but  is  stored 
at  39°  to  43°F.,  in  which  case  secondary  fermentation  takes  place.  At 
32°F.  no  further  fermentation  occurs,  but  the  beer  undergoes  an  im¬ 
portant  period  of  aging.  During  this  time  yeast  cells  and  other  insoluble 
nitrogenous  materials  settle  out,  and  the  flavor  of  the  beer  is  improved 
and  mellowed  as  a  result  of  complex  chemical  changes  involving  al  e- 


hydes,  esters  and  higher  alcohols. 

'  Periodically,  the  beer  is  transferred  from  one  tank  to  another,  wit 
recarbonation  at  each  transfer.  The  purpose  of  these  operations  is  o 
flush  out  any  dissolved  air  and  also  to  permit  slow  and  intimate  contact  ot 
the  carbon  dioxide  with  the  beer,  so  that  it  is  not  only  mechanically  lie 
in  solution  but  also  adsorbed  by  the  colloidal  particles  present.  The  beer 
is  kept  under  5  to  6  lbs.  per  sq.  in.  counter  pressure  during  ■  S 
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transfer.  A  period  of  about  two  weeks  is  considered  sufficient  for  ade¬ 
quate  carbonation. 

Some  time  during  storage  the  beer  is  usually  chillproofed.  When  beer 
is  chilled  to  low  temperature,  a  colloidal  haze  appears,  but  it  disappears 
again  when  the  beer  is  warmed  slightly.  The  nature  of  chill  haze  has 
been  a  subject  of  controversy  for  many  years.  Sandegren  ( 1947)  and  St. 


IP* 


tic.  137.  Cellar  Storage  Tanks  Behind  White  Tile  Walls 


nrn  T  w  <™s,c!ered  *  to  be  composed  of  /3-globulin  degradation 
products  and  tannins.  Its  composition  has  been  clarified  by  recent  work 
of  hserte  and  Scriban  (1953).  Proteins  (about  25  per  cent)  and  tannins 
have  been  shown  to  be  present,  the  protein  fraction  being  an  extremely 
complex  mixture  of  degraded  globulin-like  bodies,  hordein  and  glutelin 
derivatives.  Chrllproofing  is  a  treatment  designed  to  minimize  d'  e  ap 
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pearance  of  chill  haze.  Chillproofs  include  materials  such  as  tannic  acid 
added  to  precipitate  the  proteins,  materials  to  adsorb  them,  such  as  cer¬ 
tain  types  of  bentonites,  and  proteolytic  enzymes  to  hydrolyze  them  to 
more  soluble  fractions. 

After  its  sojourn  in  the  storage  cellar,  the  beer  is  finished,  and  is  ready 
for  a  final  filtration  followed  by  filling  into  casks  or  bottles. 


A  TYPICAL  BREW 

Although  ingredients  used  and  their  proportions  vary  according  to  the 
type  of  beer  and  individual  preferences,  the  following  “recipe”  for  a 
typical  brew  will  give  an  idea  of  the  amounts  of  materials  needed. 

Cooker  Mash 

The  cooker  is  filled  with  3500  lbs.  of  grits  (milled  corn),  675  lbs.  of  malt, 
70  barrels  of  water,  2.1  quarts  of  lactic  acid  and  3  lbs.  of  calcium  sulfate. 
The  mixture  is  brought  to  boiling. 

Mash  Tub 

The  tub  is  filled  with  10,000  lbs.  of  malt,  100  barrels  of  water,  1.58 
quarts  of  lactic  acid  and  2.0  lbs.  of  calcium  sulfate.  This  is  heated  ac¬ 
cording  to  the  mashing  schedule,  and  at  the  end  of  the  heating  period 
the  cooker  mash  is  added. 


Lauter  Tub 

The  above  mixture  is  first  filtered  through  the  spent  grain  bed  without 
additions.  For  sparging,  3.2  quarts  of  lactic  acid  and  5.0  lbs.  of  CaS04  are 
added  to  the  sparge  water  and  1.4  quarts  of  lactic  acid  and  2.0  lbs.  of 
calcium  sulfate  during  the  mashover  (raking  of  the  grain  bed  to  mix  it 
with  the  sparge  water). 


Kettle 

The  clarified  wort  and  spargings  are  filled  into  the  kettle  as  they  arrive 
from  the  grant.  The  filling  takes  about  four  hours.  The  mixture  “  th«n 
boiled  for  two  and  one-half  hours  with  the  addition  of  16.0  lbs.  ot  salt 
and  4.25  lbs.  of  K,S,03.  Hops  are  added  in  two  portions  as  follows.  • 
lbs.  at  30  min.  and  50  lbs.  at  20  min.  before  the  end  of  the  boiling 
period.  This  mixture  is  added  to  the  kettle  over  a  period  of  -0  minutes, 

before  the  end.  ,  . 

Two  hours  before  the  end  of  boiling,  mixing  is  started,  in  a  separate 

vessel  of  1000  lbs.  of  dextrose  and  5  to  6  barrels  ol  water.  1 

tureshould  not  be  allowed  to  rise  above  162°F.  at  any  tune  during  the 
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mixing.  This  mixture  is  added  to  die  kettle  over  a  period  of  20  minutes 
starting  one  hour  before  the  end  of  the  boiling  per  iod. 


Cellar  Additions 


During  storage  3  lbs.  of  K2S2Or,  per  850  barrels,  1  lb.  of  chillproof  per 
barrels  and  5  lbs.  of  gum  arabic  per  100  barrels  of  beer  are  added, 
standard  U.  S.  barrel  of  beer  is  31  gallons.) 


75 

(A 


FILTRATION,  RACKING  AND  ROTTLING 
After  aging  the  beer  possesses  its  final  flavor  and  aroma,  but  it  is  still 
slightly  hazy.  It  is  therefore  given  a  final  filtration  through  a  pulp  mass 


Courtesy  of  Falstaff  Brewing  Corp. 
luc.  138.  Multistage  Filter  for  Final  Filtration 


composed  of  cellulose  fibers  mixed  with  about  one  per  cent  asbestos, 
t  trough  filter  sheets  or  through  diatomaceous  earth.  The  type  of  filter 
usually  used  is  shown  in  Fig.  138.  This  filtration  is  not  a  simple  sieving 
1  .ocess  as  most  of  the  particles  present  at  this  time  are  of  colloidal  size 
Their  elimination  is  due  rather  to  adsorption  on  the  filter  mass.  Thus  not 
i  y  particles  which  can  be  optically  detected  as  a  haze,  but  also  other 
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substances  having  a  high  surface  tension  will  be  absorbed.  On  this  ac¬ 
count  the  final  filtration  removes  some  proteins,  hop  resins,  coloring 
matter,  higher  alcohols  and  esters. 

The  beer  is  then  racked  into  casks  or  filled  into  bottles  or  cans,  and  is 
ready  for  marketing.  The  filtration,  racking  and  bottling  should  be  car¬ 
ried  out  in  a  manner  to  avoid  loss  of  carbon  dioxide,  infection  and  oxida¬ 
tion.  To  prevent  loss  of  carbon  dioxide,  the  beer  is  kept  cold  and  racked 
or  bottled  against  a  counter  pressure  of  carbon  dioxide  or  air.  Carbon 
dioxide  is  preferable,  as  a  counter  pressure  of  air  may  result  in  the  dis¬ 
solving  of  some  air  in  the  beer,  leading  to  gradual  oxidation.  The  danger 
of  infection  of  the  beer  is  minimized  by  sterilizing  the  filters  and  machin¬ 
ery  and  keeping  them  strictly  clean. 

Beer  in  bottles  or  metal  casks  is  generally  pasteurized  to  destroy  infect¬ 
ing  organisms,  such  as  yeast  and  non-spore  forming  bacteria.  Pasteuriza¬ 
tion  is  accomplished  by  heating  the  beer  to  140° F.  for  a  few  minutes. 


ANALYTICAL  CONTROLS  IN  BREWING 
Before  the  development  of  suitable  analytical  methods,  brewing  was 
entirely  an  art,  and  empirical  methods  for  controlling  quality  were  handed 
down  from  generation  to  generation.  While  many  phases  of  brewing  are 
still  largely  an  art,  and  a  thorough  practical  knowledge  of  the  factors  to 
be  considered  at  every  stage  is  indispensable,  the  brewer  now  has  at  his 
command  a  host  of  scientific  analytical  methods  to  aid  in  controlling 
quality  and  to  detect  a  possible  source  of  trouble  before  it  becomes  serious. 

Chemical  and  physical  analyses  are  generally  performed  on  the  raw 
materials  used,  on  the  intermediate  products  obtained  during  brewing 
and  storage,  and  on  the  finished  product.  A  complete  listing  of  all  the 
tests  used  is  beyond  the  scope  of  this  chapter,  and  only  a  few  lepiesenta- 
tive  analyses  will  be  given  to  indicate  the  nature  of  the  examinations 
which  may  be  carried  out.  Directions  for  carrying  out  most  analyses  in 
general  use  are  given  in  “Methods  of  Analysis  of  the  American  Society  of 
Brewing  Chemists”  (Anon.  1949),  hereafter  referred  to  as  “A.S.B.C. 
Methods.” 

Typical  reports  for  malt,  hops,  brewing  syrups,  and  cereal  adjuncts  are 
given  in  Tables  111,  112,  113  and  114,  respectively.  The  values  in  these 
tables  were  determined  and  reported  in  accordance  with  the  Als.li. 
Methods,  with  the  exception  of  soluble  protein  (Table  111).  et‘“  s 
concerning  this  determination  will  be  found  in  the  experimental  section  _ 
A  complete  analysis  of  a  typical  American  beer  is  given  in  Table  !  • 

The  last  column  in  this  table,  headed  “Reference,”  indicates  where  the 
method  for  each  determination  can  be  found. 
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Table  1 1 1 

MALT - PHYSICAL  CHARACTERISTICS 


Bushel  weight  (lbs.) 
Growth 


Length  of  acrospire  (fraction  of  kernel  length) 


Mealiness 
Mealy .... 
Half-glassy 
Glassy.  .  .  . 


0-V4..-S-  • 

74-72 . 

72-74 . 

74-1 . 

Overgrown 


CHEMICAL  ANALYSIS 

Moisture,  per  cent . 

Extract  in  the  finely  ground  malt  (plato),  per  cent  as  is. .  .  . 
Extract  in  the  finely  ground  malt  (plato),  per  cent  dry  basis 

Conversion  in  minutes . 

Odor  of  mash . . 

Degree  of  clarity . 

Speed  of  filtration . 

Color  of  laboratory  wort,  Lovibond,  72  in.  cell,  Ser.  52  .  .  .  . 

Diastatic  power — degree  Lintner,  as  is . 

maltose  equivalent,  as  is . 

Total  protein,  as  is,  per  certt . 

Total  protein,  dry  basis,  per  cent . 

Soluble  protein,  as  is,  per  cent . 

Soluble  protein,  dry  basis,  per  cent . 

Ratio  soluble/total  protein  .  . 


3974 

1  Per  cent 
0  Per  cent 

3  Per  cent 
92  Per  cent 

4  Per  cent 

95  Per  cent 
4  Per  cent 
1  Per  cent 


4.7 

74.20 

77.90 

5  Min. 

Aromatic 

Clear 

Normal 

1 .4-1 .6 

124 

496 

10.33 

10.83 

3.93 

4.12 

38.10 


Table  1 1 2 


ANALYSIS  OF  HOPS - PHYSICAL  EXAMINATION 


Cones 

Color 

Luster 

Size 

Condition 

Lupulin 

Amount 

Color 

Condition 

Aroma 

Leaves  and  stems  (per  cent) 
Seeds  (per  cent) 


Yakima 


Light  green 
Dull 
Medium 
Fair 

Plentiful 

Yellow 

Sticky 

Aromatic 

0.6 

4.9 


California  Seedless 


Light  green 
Dull 

Small-medium 

Good  -some  wind  whipped 

Plentiful 

Yellow 

Sticky 

Aromatic 

0.2 

0.1 


CHEMICAL  EXAMINATION 


Moisture 

Per  cent 

Resins 

o .  7 

Alpha  resins 

Beta  resins 

4.8 

Gamma  resins 

8 . 2 

1  .4 

Soft  resins 

Total  resins 

13.0 

14.4 

6.8 

Brewing  value  ((Alpha  resins  +  geta  resins^ 

Per  cent 
7.2 

3.1 
7.4 
1  .6 
10.5 
12.1 

5.0 
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Table  113 

ANALYSIS  OF  BREWING  SYRUPS - SUGAR 


PHYSICAL  CHARACTERISTICS 

Samples  A  and  B 


Consistency,  as  is.  .  .  Viscous — 

lumps  Odor,  as  is.  .  . 

Taste,  as  is ...  . 

.  None 

Color,  as  is . Colorless 

Sweet 

CHEMICAL 

Clarity  of  10  per  cent  solution 

ANALYSIS 

Sample  A 

Clear 

Sample  B 
Clear 

Color  of  10  per  cent  solution 

Colorless 

Colorless 

Specific  gravity  of  10  per  cent  solution 

1 .03200 

1 .03310 

Extract,  as  is,  per  cent 

Degrees  Baume 

83.0 

86.0 

43.9 

45.3 

Moisture,  per  cent 

17.0 

14.0 

Fermentable  extract,  as  is,  per  cent 

dry  basis,  per  cent 

54.0 

72.2 

65.0 

84.0 

Dextrose  equivalent 

No  figures  available 

86.0 

Iodine  reaction 

Negative 

Negative 

pH  Value 

5.4 

5.4 

Protein,  per  cent 

.1 

.01 

Ash,  per  cent 

.1 

.01 

Diastatic  power 

100 

86.0 

Dextrose,  per  cent 

No  figures  available 

Sucrose,  per  cent 

No  figures  available 

Table  114 

ANALYSIS  OF  CEREAL  ADJUNCTS 


Physical  characteristics 


Color,  as  is . 

Odor,  as  is . 

Husks,  germs,  etc. 

Mold . 

Weevils,  etc . 


Buff 

.  Clean  and  normal 
.  Under  1  .0  per  cent 
None 
.  None 


CHEMICAL  ANALYSIS 


Moisture  . Not  mor<  tlian  110  Per  cent 

OU  . Less  than  1.0  per  cent 

Extract,' as  is . 79.0  percent 

Extract,  dry  basis . 89.0  per  cent 

Time  of  conversion . 15  minutes 

Ash  . 2.0  per  cent 

Protein  .' .'  !  !  !  !  ! . 8  • ' 0  Per  cent _ 


These  analyses  may  appear  to  be  long  and  unnecessarily  detailed. 
While  they  are  numerous  when  considered  individually,  certain  gioups 
of  tests  serve  to  point  out  the  most  subtle  off-taste  characteristics  such  as 
sweetness,  bitterness  and  oxidation.  Other  groups  wdl  point  out  devia¬ 
tions  in  characteristics  such  as  foam  stability  and  shelf  hie.  For  example 
he  “up  Of  analyses  associated  with  foam  stability  includes  sur  ac 
tension,  surface  activity,  foam  sigma,  foam  density,  and  proton  and  sugar 
distribution.  Not  all  of  the  tests  are  conducted  on  an  mdmdual  beer 

'"iTihe  ease  of  bitterness,  the  pertinent  analyses  are  sulfur  dioxide,  iron. 


Table  1 1 5 

ANALYSIS  OF  A  TYPICAL  BEER 


Specific  gravity1 . 

Beer  Balling,  per  cent1 . . 

Saccharometer,  per  cent1 . 

Alcohol  by  weight,  per  cent1 . 

Alcohol  by  volume,  per  cent1 . 

Real  extract,  per  cent1 . 

Extract  of  original  wort  (2A  +  E),  per  cent . 

Original  balling,  per  cent1 . 

Reducing  sugars,  per  cent1 . 

Degree  wort  sugar,  per  cent1 . 

Degree  attenuation,  per  cent1  (real  degree  of  fermentation) 

pH1 . 

Color,0  L.1 . 

Air,  cc.2 . 

Nitrogen,  cc.2 . 

Oxygen,  cc.2 . 

Oxygen /air,  per  cent2 . 

COs,  per  cent  by  wt.1 . 

Acidity,  per  cent1 . 

Erythro-dextrins  (iodine  reaction)1 . 

Amylo-dextrins  (iodine  reaction)1 . 

Dextrins,  per  cent1 . 

Iron,  p.p.m.1 . 

Indicator-Time  test,  sec.3 . 

Surface  tension ,  dynes1 . 

Surface  activity4 . 

CaS04,  p.  p.m.5 . 

NaCl,  p.p.m.5 . 

Foam  sigma6 . 

Foam  density6 . 

Tannins,  p.p.m.7 . 

Viscosity,  c.p.4 . 

SO2,  p.p.m.8 . 

Ash,  per  cent1 . 

Diacetyl,  p.p.m.1 . 

Copper,  p.p.m.9 . 

Fractional  Carbohydrates,  per  cent10 

Glucose . 

Fructose  . 

Sucrose . 

Maltose . 

Maltotriose . 

Maltotetraose . 

Higher  saccharides . 

Total  saccharides . 

Fractional  Proteins,  per  cent4 

Total  protein . 

High  molecular . 

Medium  molecular . 

Low  molecular . 

Non-protein  N . 

High /total . 

Medium/total . 

Low/total . 

Non-protein/total . 

Calories4 . 


Anon. 1949. 

Roberts  et  at.  (1947). 
Gray  and  Stone  (1939). 
Any  standard  method. 


1 .01210 

3.093 

3.10 

3.63 

4.60 

4.73 
11.99 
11.80 

1 .160 

71 .30 
60.00 

4.35 
2.94 
1.20 
1  .01 
0.19 
15.80 
0.460 
0.135 
0 
0 

2.73 
0.175 

290. 

46.00 

0.367 

256.00 

153.00 

109.00 

20.40 

55.40 

1 .057 

13.20 
0.148 
0.210 
0.245 

0.001 

Trace 

Trace 

0.10 

0.20 

0.45 

3.04 

3.83 

0.299 

0.0710 

0.100 

0.0951 

0.0290 

23.30 

33.20 
31.60 

9.6 

168.30 


6  Stone  et  at.  (1951). 

6  Gray  and  Stone  (1940). 

7  Stone  and  Gray  (1948). 


8  Monier- Williams  (lgao’l 

9  Stone  (1942). 

10  McFarlane  et  at.  (1954). 
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copper,  tannins,  carbon  dioxide,  air  and  melanoidins.  These  substances 
are  normally  present  in  beer,  but  in  very  small  amounts,  well  below  the 
organoleptic  threshold  (the  level  at  which  a  difference  in  flavor  can  be 
detected  by  tasting  the  beer).  The  approximate  organoleptic  threshold 
for  each  of  these  substances  has  been  established,  and  is  used  to  evaluate 
the  analytical  results.  For  example,  if  the  amount  of  iron  is  0.35  p.p.m.  or 
below,  no  off-flavor  can  be  detected,  but  a  value  of  0.70  p.p.m.  will  result 
in  a  distinct  bitter  flavor.  If  0.35  p.p.m.  are  removed,  the  flavor  will  again 
be  normal.  Another  example  is  sulfur  dioxide,  which  is  normally  present 
in  the  amount  of  3.5  to  8  p.p.m.  This  is  below  the  organoleptic  threshold 
of  most  beer  drinkers,  but  if  the  amount  is  increased  to  16  p.p.m.  astrin- 
gency  will  be  noticeable  to  almost  everyone. 

With  the  threshold  values  established,  it  is  easy  to  tell  which  substance 
or  combination  of  substances  is  responsible  for  any  off-flavor  occurring, 
and  the  cause  of  the  trouble  can  be  corrected.  Before  accurate  analytical 
methods  were  developed,  correction  of  the  trouble  was  necessarily  a  mat¬ 
ter  of  trial  and  error,  and  the  length  of  time  needed  to  find  the  source  of 
the  deviation  was  largely  a  matter  of  luck.  Even  more  important  than 
correction  of  an  existing  off-flavor  is  the  ability  to  detect  any  “creeping 
trouble”  before  it  actually  results  in  detectable  change  of  flavor.  For 
example,  if  the  sulfur  dioxide  values  for  successive  batches  of  beer  showed 
a  steady  increase  from  3.5  to  7  p.p.m.  steps  could  be  taken  to  find  the 
reason  for  this  increase  and  correct  it  before  the  organoleptic  threshold 

was  reached. 

One  of  the  most  important  factors  affecting  appearance,  taste,  foam 
stability  and  shelf  life  of  beer  is  the  oxidation  of  proteins  in  beer.  It  has 
already  been  pointed  out  that  the  proteins  can  be  divided  into  groups  ac¬ 
cording  to  their  molecular  weight,  and  that  this  factor  must  be  taken 
into  account  during  mashing.  St.  Johnston  (1948)  has  classified  the 
principal  protein  fractions  of  wort  and  beer  as  follows: 

1  Protein  T.— The  chill-sensitive  globulin  tannin  complex.  Iso-electric 
point  6.4,  completely  soluble  at  140°F.  with  solubility  diminishing  below 

'''rProtein'c-The  coagulable  albumin.  Iso-electric  point  6.0,  readily 

C<>3K  Protein  a-The  oxyprotein  or  nucleoprotein.  Iso-electric  point  3.9 

4.  Fraction  D.-Soluble  fraction.  Probably  proteoses  associated  with 

d“  ,11  of  beer  about  4  3,  the  nucleoproteins  will  carry  a  negative 
charge  and  albumin^  a  positive  charge,  so  that  mutual  precipitation  ,s 

possible. 
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A  similar  classification  of  protein  fractions  is  that  proposed  by  Lundin, 
as  quoted  by  Pawlowski  and  Doemens  ( 1932 ) .  He  designates  the  frac¬ 
tions  as  A  (high  molecular  weight),  B  (medium  molecular  weight)  and  C 

( low  molecular  weight ) .  ' 

The  equilibrium  between  these  protein  fractions  can  easily  be  upset 
by  oxidation.  According  to  Sandegren  (1947)  in  his  work  on  barley 
proteins  in  brewing,  proteins  having  sulfhydryl  groups  can  be  oxidized  to 
higher  molecular  weight  compounds  by  the  following  mechanism: 

2R,-SH  +  2R,-SH+  O,.  - ♦  2R,-S-S-lh.  +  2Hl.O 

In  addition,  albumins  can  be  oxidized  to  nucleoproteins  with  attendant 
change  of  the  charge  from  positive  to  negative.  The  negatively  charged 
oxidation  products  can  then  combine  with  unchanged  positively  charged 
proteins,  thus  increasing  the  molucular  weight  and  causing  mutual 
precipitation. 

The  net  result  of  oxidation  is  to  shift  the  equilibrium  between  the  dif¬ 
ferent  fractions  so  carefully  set  up  during  brewing.  The  distribution  of 
protein  fractions  at  various  stages  during  brewing,  and  four  months  after 
bottling,  is  shown  in  Table  116.  Examining  the  values  in  the  table,  it 


Table  1 1 6 


PROTEIN  DISTRIBUTION  IN  BEER  AT  VARIOUS  STAGES 


Kettle 

Sample 

After 

Fermenta¬ 

tion 

After 

Storage 

After 

Pasteuriza¬ 

tion 

After 

4 

Months 

High  molecular,  per  cent 
Medium  molecular,  per  cent 
Low  molecular,  per  cent 
Non-protein,  per  cent 

Total  protein,  per  cent 
High/total,  per  cent 
Medium/total,  per  cent 
Low/total,  per  cent 
Non-protein/'total,  per  cent 

0.1537 

0.1328 

0 . 2066 
0.031 
0.5241 
29.31 
25.34 
39.40 
5.95 

0.1452 

0.0959 

0.1109 

0.027 

0 . 3790 
38.31 
25.30 
29.25 

6.14 

0.0716 

0.0811 

0.1965 

0.300 

0.3792 

18.88 

21  38 

51  .84 
7.90 

0.0860 

0.0858 

0.1796 

0.028 

0.3792 

22.66 

22.67 

47.34 

7.33 

0.1250 

0.1051 

0.1180 

0.029 

0 . 3800 
33.00 
27.65 

31  .05 
8.30 

can  be  seen  that  the  amount  of  protein  in  all  fractions  decreases  during 
ermentation  accompanied  by  an  increase  in  the  ratio  high/total  and  a 
decrease  in  the  ratio  low/total.  Tins  can  be  ascribed  to  the  use  of  pro¬ 
ems,  especially  ammo  acids  and  other  low  molecular  weight  components 

constuit taS^  t  Wi"  be  T*  that  the  t0tal  »  remains  essenbaHy 
constant  once  fermentahon  has  been  completed,  but  that  the  distribution 

ec  l  ,dfe7  ^r"5  Chang6S  markedIy-  T1>«  decrease  in  the  high  mo- 
V,  frachon  and  m  its  ratio  to  the  total  during  storage  is  a  refult  of 

ch, liproofing.  The  clnllproofs  in  common  use  today  are  essentially  pro- 
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teolytic  enzymes,  added  for  the  specific  purpose  of  hydrolyzing  the  high 
molecular  weight  proteins,  which  are  associated  with  tannins  in  complex 
compounds  and  tend  to  precipitate  at  low  temperatures,  to  lower  mo¬ 
lecular  weight  compounds  which  do  not  precipitate.  The  progressive  in¬ 
crease  in  the  high  molecular  at  the  expense  of  the  low  molecular  fraction 
after  bottling  is  due  to  oxidation  and  the  mechanisms  described  above. 
It  may  be  mentioned  that  these  changes  are  accelerated  by  pasteurization, 
oxidation  being  favored  by  the  high  temperature  and  by  the  dissolving  of 
air  from  the  head  space  in  the  bottle  in  the  beer  during  heating,  resulting 
in  more  intimate  contact  of  the  oxygen  with  the  beer.  As  oxidation  con¬ 
tinues,  it  has  a  noticeable  effect  on  the  appearance  and  flavor  of  the  beer. 
The  brilliance  decreases  progressively  and  finally  a  definite  haze,  known 
as  oxidation  haze,  is  visible.  This  haze  is  the  result  of  formation  of  high 
molecular  weight  protein  complexes  having  colloidal  dimensions.  It  is 
of  a  different  nature  from  chill  haze,  as  it  does  not  disappear  on  warming. 
With  the  advent  of  oxidation  haze  the  beer  has  a  definite  oxidation 
flavor”  noticeable  to  the  average  consumer. 

The  distribution  of  protein  fractions  at  the  time  the  beer  is  bottled  can 
be  used  to  estimate  its  shelf  life.  Thus,  if  the  proportion  of  high  mo¬ 
lecular  components  is  higher  than  usual,  the  time  required  to  reach  the 
level  of  visible  haze  will  be  less  than  when  this  proportion  is  low  at  the 
start.  At  present,  the  only  test  in  general  use  to  give  an  indication  of  the 
probable  shelf  life  of  beer  is  the  ITT  (indicator  time  test)  developed  by 
Gray  and  Stone  (1939)  of  the  Wallerstein  Laboratories.  This  test  meas¬ 
ures  the  reducing  power  of  beer,  which  increases  as  the  proteins  are  oxi¬ 
dized.  However,  it  is  influenced  by  other  factors  in  addition  to  the  state 
of  oxidation  of  the  proteins.  While  it  is  quite  reliable  in  following  the 
progress  of  oxidation  in  a  single  beer,  its  use  to  compare  one  beer  with 
another  sometimes  leads  to  false  conclusions.  For  example,  the  presence 
of  hydrogen  peroxide  in  beer  has  long  been  known  to  have  a  detrimental 
effect  on  its  stability  anti  the  presence  of  as  little  as  0.005  per  cent  has 
been  known  to  cause  haziness.  The  peroxide  is  formed  from  the  reaction 
of  molecular  oxygen  and  auto-oxidizable  substances  such  as  catechol 
ascorbic  acid,  isoascorbic  acid  and  electron  transfer  systems  notably 
reduced  flavin  nucleotides.  In  the  presence  of  peroxtde  the  ITT  ^ 
show  a  zero  or  low  value,  even  in  the  presence  of  haze  an l  oxk at  ion  ■ 

In  view  of  the  deleterious  effects  of  oxidation,  many  attempts  have  be 
made  to  prolong  the  shelf  life  of  beer  by  adding  antioxidants.  Gray  anc 

sssss  v* .  - 
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oxidizing  agent  for  glutelins.  He  considers  reductones  prepared  from 
sugars  to  he  more  efficient. 

Another  type  of  antioxidant  has  been  suggested  by  the  present  author 
( Ohlmeyer  1957).  This  is  the  glucose  oxidas,e-catalase  system,  which 
removes  oxygen  by  an  enzymatic  reaction.  It  will  be  noted  in  Table  117 
that  a  typical  beer  contains  0.001  per  cent  glucose.  This  amount,  though 
very  small,  is  enough  to  bind  several  times  the  amount  of  oxygen  normally 
present.  In  this  system  the  glucose  oxidase  catalyzes  the  oxidation  of 
glucose  to  gluconic  acid  and  hydrogen  peroxide.  The  catalase  then 
breaks  the  hydrogen  peroxide  down  to  water  and  oxygen,  but  only  half 
of  the  original  amount  of  oxygen  taken  up  is  released.  The  overall  re¬ 
action  is  expressed  by  the  equation: 

2  glucose  -f-  02  - ►  2  gluconic  acid. 

The  addition  of  proteolytic  enzymes  to  beer,  as  is  done  in  chillproofing, 
will  also  lengthen  their  shelf  life  and  delay  the  appearance  of  oxidation 
haze  as  well  as  decrease  chill  haze.  However,  these  enzymes  must  be 
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used  with  discretion,  as  too  great  a  shift  of  the  equilibrium  toward  low 
molecular  fractions  at  the  expense  of  the  high  and  medium  fractions  will 
lead  to  foam  instability  and  a  poor  head  on  the  beer.  This  is  caused  by 
the  changes  in  surface  tension.  All  other  things  being  equal,  a  higher  and 
more  stable  foam  is  obtained  with  a  low  surface  tension  than  with  a  high 
one.  As  the  molecular  weight  of  the  proteins  decreases,  the  surface  ten¬ 
sion  of  the  beer  increases  and  the  foam  is  adversely  affected.  These  rela¬ 
tionships  are  illustrated  in  Fig.  139.  In  this  figure  the  best  compromise 
between  optimum  haze  resistance  and  optimum  foam  stability  is  indi¬ 
cated  by  the  shaded  area.  Thus,  judicious  use  of  proteolytic  enzymes 
will  result  in  an  increase  in  the  proportion  of  proteins  in  this  optimum 
range  without  undue  shifting  of  the  equilibrium  toward  low  molecular 
weight  fractions. 


NEW  LABORATORY  METHODS  OF  EXAMINING  BEER 
Methods  for  which  literature  references  are  not  given  will  be  briefly 
described  below. 

A.  Surface  tension  was  determined  with  a  du  Nuoy  tensiometer. 

B.  Surface  activity  is  calculated  from  the  formula 

72.75— surface  tension  of  beer  (dynes)  at  6S  F. 

^7275 

The  figure  72.75  represents  the  surface  tension  of  water  (dynes)  at 
68°F. 

C.  Protein  fractions  were  determined  by  adaptations  from  the  work  of 
Luudin  (as  quoted  by  Pawlowski  and  Doemens  1932). 


Total  Soluble  Protein 

Place  a  porcelain  chip  and  about  0.1  g.  CuO-selenium  metal  powder 
mixture  into  an  800  ml.  Kjeldahl  flask.  Pipette  25  ml.  of  decarbonated 
beer  at  68°F.  into  the  flask,  add  28  to  30  ml.  of  the  sulfuric  acid  digestion 
mixture.  Digest  until  30  minutes  after  all  charring  has  disappeared. 
Cool,  carefully  add  200  ml.  of  distilled  water.  Transfer  flask  to  distilling 
apparatus.  Place  25  ml.  of  0.1N  sulfuric  acid  in  a  250  ml.  Erlenmeyer 
flask,  add  2  drops  methyl  red  indicator.  Place  on  receiving  end  of  dis¬ 
tilling  apparatus.  Make  sure  tip  of  distilling  apparatus  is  in  the  0JN 
acid  solution.  Cool  condensers.  Pour  about  150  ml.  of  30  per  cent  NaOH 
slowly  down  the  side  of  the  flask  so  as  to  form  a  layer.  Add  a  few -  pieces 
of  zinc.  Attach  tightly  to  the  condenser.  Shake  flask,  light  Bu 
burner  and  distill  until  10(1  to  150  ml.  have  been  co .fleeted.  Tltrate" 
0.1N  sodium  hydroxide  until  all  the  red  color  has  disappeared.  Recor 
number  of  milliliters  of  0.1.V  sodium  hydroxide  used. 
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Calculations.— 


ality)  -  (ml.  NaOH  X  Normality)  X  056  — 


(ml.  H2SO4  X  Normality) 


Nitrogen/ 100  ml. 

Nitrogen  X  6.25  =  Protein/100  ml. 


Permanently  Soluble  and  Coagulable  Protein 

Weigh  100  gm.  of  decarbonated  beer  (at  68  F.)  into  a  tared  500  ml. 
flat  bottomed,  round  flask.  Reflux  for  3  hours.  Cool.  Restore  to  origi¬ 
nal  weight  with  distilled  water.  Filter;  do  not  wash.  Pipette  25  ml. 
of  filtrate  into  Kjeldahl  flask.  Proceed  as  with  Total  Soluble  protein. 
(Distill  into  15  ml.  0.1N  sulfuric  acid.) 

Calculations. — 

(ml.  H0SO4  X  Normality)  -  (ml.  NaOH  X  Normality) 

X  .056  =  Nitrogen/ 100  ml. 

Nitrogen  X  6.25  =  Protein/100  ml. 

Coagulable  protein  =  Total  Soluble  —  Permanently  Soluble 

Formol  Proteins:  (Low  Molecular  Fraction) 

Use  25  ml.  of  beer. 

1.  Adjust  potentiometer  at  pH  4.0  with  buffer  solution. 

2.  Adjust  25  to  30  ml.  formaldehyde  to  pH  of  9.0  with  0.1  N  sodium 
hydroxide.1 

To  start  with,  add  about  1  ml.  of  the  sodium  hydroxide  solution  immedi¬ 
ately,  adding  the  remainder  dropwise.  Allow  about  one  to  two  minutes 
of  stirring  to  adjust  pH. 

3.  Put  sample  of  beer  in  place.  Adjust  pH  to  approximately  5  to  6. 

4.  Begin  stirring  sample.  Add  NaOH  solution  until  pH  is  at  6.8. 

5.  Pipette  10  ml.  of  formaldehyde,  add  to  solution  stirring  constantly. 

6.  Titrate  with  sodium  hydroxide  solution,  noting  initial  reading  on 
burette,  until  pH  of  9.0  is  reached.  Note  final  reading. 

Calculations. — 

ml.  NaOH  X  Normality  X  0.056  =  Nitrogen/100  ml. 

Nitrogen  X  6.25  =  Protein/100  ml. 

Phosphomolybdate  Precipitable  Proteins  ( Medium  Molecular 


Fraction ) 


Into  a  wide  mouth  200  ml.  volumetric  flask  place 
100  ml.  beer 

80  ml.  distilled  water 

10  ml.  50  per  cent  sodium  molybdate 


used  only  on  the  day  it  is  made  up.  It  should  not  be  made 
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Put  in  water  bath  at  68° F.  for  1  hour.  Make  up  to  mark.  Add  10  ml. 
50  per  cent  sulfuric  acid;  mix  by  inverting.  Allow  to  stand  over  night. 
Filter.  Use  50  ml.  portions  of  filtrate  for  proteins.  Proceed  as  for  total 
soluble  proteins.  (Distill  into  15  ml.  of  0.1N  sulfuric  acid.) 

Calculations. — 

[(ml.  FUSCh  X  Normality )  —  ( ml.  NaOH  X  Normality)— correction  for 
blank]  X  .0588  =  non-precipitated  Nitrogen 
Total  Soluble  Nitrogen— non-precipitated  Nitrogen  = 
Phosphomolybdate  precipitable  nitrogen/100  ml. 

Nitrogen  X  6.25  =  Protein/100  ml. 

Tannin  Precipitable  Proteins  (High  Molecular  Fraction) 

Into  a  wide  mouth  200  ml.  volumetric  flask  place: 

100  ml.  beer 
90  ml.  distilled  water 
4  ml.  fifty  per  cent  sulfuric  acid 

Put  in  water  bath  for  1  hour  at  68  F.  Make  up  to  mark.  Add  10  ml. 
of  16  per  cent  Tannin;  mix  by  inverting.  Chill  in  an  ice  bath  for  at  least 
one  hour.  Allow  to  stand  over  night  in  refrigerator.  Filter.  Use  50  ml. 
of  filtrate.  Proceed  as  with  Total  Soluble  Protein.  Distill  into  15  ml. 
O.IN  sulfuric  acid. 

Calculations. — 

[(ml.  H.SO4  X  Normality )-( ml.  NaOH  X  Normality) -correction  for 
blank]  X  0.0588  =  non-precipitated  Nitrogen 
Total  Soluble  Nitrogen-non-precipitated  Nitrogen  = 

Tannin  precipitable  Nitrogen/100  ml. 

Nitrogen  X  6.25  =  Protein/100  ml. 


Non-Protein  Nitrogen 

Phosphomolybdate-Tannin  =  Non-Protein  Nitrogen 


Blanks 

Phosphomolybdate 
10  gm.  Dextrose 
100  ml.  water 

10  ml.  Sodium  Molybdate 
Make  to  mark 

Precipitate  with  10  ml.  50  pci 
cent  H2SO 


Tannin 

10  gm.  Dextrose 
100  ml.  water 
4  ml.  50  per  cent  IDSO4 
Make  to  mark 

Precipitate  with  10  ml.  Tannin 


Proceed  as  under  Phosphomolybdate  and  Tannin. 
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Samuel  A.  Matz 


Manufacture  of  Breakfast  Cereals 


INTRODUCTION 


History  and  Present  Status  of  the  Industry 

Breakfast  cereals  may  be  conveniently  divided  into  two  major  cate¬ 
gories:  (1)  those  cereals,  such  as  oatmeal,  which  require  cooking  before 
they  are  served,  and  (2)  fully  cooked,  ready-to-eat  cereals  such  as  corn 
flakes.  The  former  class  is  probably  about  as  old  as  civilization,  since  it 
is  very  likely  that  gruels  and  porridges  made  from  crushed  grains  were 
among  the  first  cereal  foods  of  mankind.  Prepared  breakfast  foods  have 
a  short  and  interesting  history  which  has  been  well  described  by  Carson 


(1957). 

The  original  motivation  for  the  development  of  precooked  breakfast 
foods  seems  to  have  been  the  desire  of  some  vegetarians  to  create  addi¬ 
tional  variety  for  their  diets.  The  Seventh  Day  Adventist  Church,  many 
members  of  which  avoid  the  consumption  of  animal  foods,  was  closely 
tied  up  with  the  early  history  of  prepared  breakfast  foods.  The  close 
association  of  certain  factions  in  this  group  with  the  Battle  Creek  Sani¬ 
tarium  and  the  cereal  experimentation  which  they  inspired  at  this  institu¬ 
tion,  gave  the  city  of  Battle  Creek  a  head  start  in  the  breakfast  cereal 
industry.  Today  this  city  still  houses  the  largest  producers  in  the  industry. 

The  first  ready-to-eat  breakfast  cereal  was  probably  “Granula,”  devel¬ 
oped  by  Dr.  James  C.  Jackson  about  1863  at  Dansville,  New  York.  This 
health  food  was  made  by  baking  a  coarse  whole  meal  dough  in  thin  sheets 
until  it  was  hard  and  brittle,  breaking  and  grinding  the  cake  into  small 

chunks,  baking  the  chunks  again,  and  grinding  the  resultant  material  into 
small  granules. 


The  first  breakfast  food  made  by  Dr.  J.  H.  Kellogg  of  Battle  Creek  was 
named,  by  an  interesting  coincidence,  “Granola.”  Kellogg  made  biscuits 
a  out  one-half  inch  thick  from  a  dough  composed  of  wheat  meal,  oatmeal, 
and  corn  meal,  and  baked  them  until  they  were  desiccated  and  beginning 
to  turn  brown.  The  hard  biscuits  were  then  ground  and  packaged.  It 
was  C.  W.  Post  the  founder  of  Post  Cereals,  who  first  recognized  that 
convenience  and  flavor  were  more  forceful  and  more  generally  applicable 
selling  point  than  were  the  healthfulness  and  vegetable  origin  of  pre! 
ared  breakfast  cereals.  Post  became  the  first  great  merchandiser  of 
these  foods  as  a  result  of  Ins  grasp  of  this  concept. 
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Since  these  early  ventures  in  Battle  Creek  and  elsewhere,  prepared 
breakfast  cereals  have  become  recognized  by  persons  in  all  walks  of  life 
as  economical,  convenient,  and  flavorful  foods  suitable  for  daily  consump¬ 
tion  by  all  age  groups.  The  original  granules  and  flakes  have  multipled 
into  an  array  of  forms,  colors,  and  flavors  which  staggers  the  imagination. 
Additives  and  protein  combinations  have  been  developed  to  give  the 
finished  products  a  nutritional  adequacy  which  is  equalled  by  only  a  few 
foods.  As  a  consequence  of  these  changes,  breakfast  cereals  have  held  or 


Table  117 


QUANTITY  AND  VALUE  OF  PRODUCTS  OF  THE  UNITED  STATES’  BREAKFAST  FOODS  INDUSTRY1 


Total  Shipments  Including  Interplant  Transfers 

1954 

1947 

Product 

Quantity2 

Value3 

Quantity2 

Value3 

Cereal  breakfast  goods,  total 

330,970 

221,758 

Ready-to-serve : 

Corn  based  foods 

274,535 

67,726 

207,360 

35,130 

Wheat  based  foods 

331,599 

80,825 

306,632 

60,059 

Foods  based  on  other  grains  or  on 
a  combination  of  grains 

320,025 

97,465 

199,155 

52,945 

To  be  cooked  before  serving: 

Wheat  based  foods  (farina,  etc.) 

140,828 

21,762 

165,093 

19,818 

Rolled  oats  and  oatmeal 

449,785 

46,726 

504,657 

42,919 

Foods  based  on  other  grains  or  on 
a  combination  of  grains 

88,972 

5,685 

103,304 

6,956 

3,931 

Other,  or  unidentified  types 

10,781 

1  Data  from  U.  S.  Bureau  of  the  Census. 
3  In  thousands  of  pounds. 

3  In  thousands  of  dollars. 


increased  their  levels  of  per  capita  consumption  in  recent  years  in  spite 
of  the  overall  decline  in  cereal  food  use.  Their  performance  in  this 
respect  is  superior  to  that  of  all  other  groups  in  this  category  with  the 
exception  of  macaroni  products. 

The  introduction  of  breakfast  cereal  factories  into  foreign  countries  has 
proceeded  rather  rapidly  in  the  last  two  decades.  These  foods  have  hat 
immediate  acceptance  in  all  areas  where  a  good  product  has  been  offered. 
The  future  of  the  foreign  market  seems  to  be  very  promising. 


THE  TECHNOLOGY  OF  BREAKFAST  CEREAL  MANUFACTURE 
Until  fairly  recently,  breakfast  cereal  manufacturing  was  strictly .an art 
However  the  larger  producers  are  coming  more  and  more  to  the 
“that  only  by  the  application  of  scientific  principle  to^nopem- 
Hom  can  they  keep  pace  with  their  competitors  in  new  product  develoi 
^n,  m  l  oduct1  control,  in  arriving  at  this  conclusion,  the  hreak  ip 
cereal  industry  has  proceeded  at  a  considerably  slower  pace  than  some 
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of  the  other  cereal  industries  as  indicated  by  the  relative  dearth  of  publi¬ 
cations  in  the  field.  Pressure  to  secure  competitive  advantages  has  prob¬ 
ably  not  been  great  enough  to  force  a  faster  advance.  This  situation  now 
appears  to  be  changing,  with  a  consequently  greater  motivation  to  im¬ 
prove  and  enlarge  research,  product  and  process  development,  and  contro 
departments. 

In  the  manufacture  of  uncooked  breakfast  cereals,  there  are  two  rather 
general  processing  steps.  One  of  these  is  the  reduction  of  particle  size 
and  the  other  is  the  elimination  from  the  product  of  some  of  the  fibrous 


substances  found  in  the  whole  grain.  The  effect  of  these  practices  is  to 
reduce  cooking  time  and  to  improve  the  texture  and  perhaps  the  digesti¬ 
bility  of  the  food.  There  is  usually  no  attempt  to  alter  materially  the 
natural  flavor  of  the  grain  by  hydrolyzing  starches  or  caramelizing  sugars. 


However,  it  is  true  that  the  heat  treatment  applied  to  oatmeal  changes  the 
flavor  somewhat.  Recent  advances  in  technology  have  resulted  in  cooking 
times  being  decreased  to  the  point  where  addition  of  boiling  water  to 
the  raw  food  will  give  a  fully  prepared  product. 

Ready-to-eat  breakfast  cereals,  although  they  are  extremely  diverse  in 
appearance,  composition,  and  flavor,  have  at  least  two  unifying  processing 
principles.  One  of  these  is  the  creation  of  a  crisp  texture  Ky  drying  the 
cooked  product  with  its  content  of  gelatinized  starch  to  a  moisture  content 
of  about  3  to  5  per  cent,  and  the  other  is  a  flavor  change  which  results 
from  the  dextrinization,  gelatinization,  and  caramelization  of  the  cereal 
starches  and  their  degradation  products. 

In  subsequent  sections  of  this  chapter,  an  attempt  will  be  made  to  give 
the  salient  points  of  the  most  important  processing  techniques  used  in  the 
breakfast  cereal  industry. 

J  0 


Processing  of  Uncooked  Breakfast  Cereals 

Wheat  Cereals.  I  he  wheat  cereal  having  the  largest  consumption  is 
farina.  1  his  product  is  nothing  more  than  the  wheat  middlings  which 
are  more  fully  described  in  the  chapter  on  Milling.  Middlings  are 
chunks  of  endosperm  free  of  bran  and  germ.  When  reduced  in  size, 
middlings  become  flour.  In  the  manufacture  of  farina,  it  is  necessary 
to  use  hard  wheat  as  a  raw  material  since  soft  wheat  yields  a  product 
which  becomes  excessively  pasty  upon  cooking.  About  30  per  cent  of 
the  wheat  can  be  secured  as  farina  by  good  milling  techniques. 

Particle  size  is  thought  to  be  a  critical  factor  influencing  consumer 
acceptance.  The  federal  specification  (Anon.  1952)  for  farina  requires 
that:  100  per  cent  of  the  product  pass  through  a  U.  S.  Standard  No  20 
woven- wire-cloth  sieve;  not  more  than  10.0  per  cent  pass  through  a  No. 

5  sieve;  and  not  more  than  3.0  per  cent  pass  through  a  No.  100  sieve. 
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Vitamin  and  mineral  enrichment  is  usually  applied  to  farina.  The 
federal  specification  quoted  above  establishes  the  following  permissible 
ranges  when  enrichment  is  claimed:  thiamin,  2.0  to  2.5  mg.  per  pound; 
riboflavin,  1.2  to  1.5  mg.  per  pound;  and  niacin  or  niacinamide,  16.0  to  20.0 
mg.  per  pound.  Vitamin  D,  calcium,  and  wheat  germ  are  optional  en¬ 
riching  ingredients,  but,  if  they  are  included,  minima  must  be  met  for  the 
first  two,  and  a  maximum  of  eight  per  cent  is  established  for  the  wheat 
germ.  Vitamins  are  usually  added  in  the  dry  state. 

Disodium  phosphate  has  been  used  ( at  about  the  0.25  per  cent  level ) 
to  increase  the  speed  at  which  farina  cooks.  Recently,  an  “instant”  farina 
has  come  upon  the  market.  This  farina  is  ready-to-eat  after  about  one 
minute  of  boiling  time.  Apparently,  it  is  farina  which  has  been  treated 
with  proteolytic  enzymes.  Originally,  it  is  believed  that  bromelin  was 
used  in  this  process,  but  other  enzymes  may  have  been  substituted  in 
current  production.  The  function  of  the  proteolytic  enzymes  is  said  to 
be  the  opening  up  of  microscopic  pathways  for  water  penetration  in  the 
granule. 

Farina  flavored  with  malt  or  with  cocoa  is  marketed.  Generally,  these 
products  are  simple  mixtures  of  the  flavoring  ingredient  with  the  mid¬ 
dlings. 

Whole  wheat  meal,  cracked  wheat,  flaked  wheat,  and  farina  with  bran 
and  germ  are  sold  to  a  rather  limited  extent.  The  stability  of  these  foods 
is  limited  by  the  tendency  of  the  bran  and  germ  oils  to  become  rancid 

unless  the  product  is  specially  processed. 

Oat  Cereals. — Gunderson  and  Brownlee  (1938)  gave  a  complete  de¬ 
scription  of  rolled  oat  processing.  Methods  have  not  changed  much  since 


^MoslToats  for  human  consumption  are  marketed  as  rolled  oats.  Some 
demand  also  exists  for  ground  oats  and  steel-cut  groats.  The  initial  step 
in  the  preparation  of  rolled  oats  is  the  roasting  process.  Thoroughly 
cleaned  grains  are  heated  to  212°F.  for  one  hour.  Tins  roasting  proce¬ 
dure  reduces  the  moisture  content  to  about  six  per  cent  and  probab  > 
partially 'dextrinizes  the  starch.  In  addition,  the  hulls  become  fragile 
rather  than  tough,  and  are  more  easily  removed  during  the  subsequent 

P  After  cooling  the  roasted  grains  are  separated  according  to  size.  The 

K'sSiSS: 

by 
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tance  between  the  rolls  is  everywhere  more  than  the  width  of  a  de-hulled 
kernel,  but  is  less  than  the  length  of  the  kernels.  As  the  grains  travel 
outward,  the  hulls  are  removed  by  the  tearing  and  abrading  action  which 
they  undergo.  The  grain  with  its  hull  removed  is  called  a  groat.  The 
mixture  of  hulls,  groats,  and  broken  grains  from  the  mill  is  screened  and 
subjected  to  other  procedures  to  separate  the  components.  In  some 
plants,  hulling  is  achieved  by  impact  methods,  using  devices  such  as  the 
Entoleter. 

The  next  step  is  flaking.  Whole  groats  may  be  flaked,  or  they  may  be 
first  cut  into  pieces  by  rotary  granulators.  The  smaller  the  piece  size, 
and  the  thinner  the  flake,  the  more  quickly  the  product  can  be  cooked. 
For  example,  the  so-called  quick  oats,  which  are  flakes  made  from  a 
particle  about  Vs  to  V4  the  size  of  the  whole  groat,  cook  in  about  five 
minutes,  while  flaked  whole  groats,  “regular  oats,”  are  thoroughly  cooked 
after  10  to  15  minutes  boiling.  On  the  other  hand,  the  quicker  cooking 
oats  do  not  stand  up  as  well  under  prolonged  heating  such  as  they  might 
encounter  on  the  steam  table  of  a  cafeteria.  Regular  oats  will  maintain 
a  satisfactory  texture  for  about  three  hours  on  the  steam  table,  while  the 
quick  oats  become  undesirable  after  about  one  hour  under  the  same  con¬ 
ditions.  By  making  a  thicker  flake  from  the  whole  groat,  oats  withstand¬ 
ing  six  hours  of  heating  can  be  obtained.  Steel-cut  oats  ( not  flaked )  are 
even  more  resistant  to  overcooking. 

Corn  Cereals.— Corn  meal  in  the  form  of  mush  and  boiled  hominy  grits 
aie  sometimes  used  as  hot  breakfast  cereals.  The  preparation  of  these 
products  is  described  in  the  chapter  on  Milling. 

Rice  Cereals.— Whole  milled  rice  is  occasionally  cooked  to  give  a  break¬ 
fast  cereal.  Full  details  on  this  product  are  given  in  Chapter  16  on  Rice  1 
/  recessing.  A  product  recently  introduced  consists  of  milled  rice  ground 
into  particles  about  the  size  of  those  which  make  up  farina.  Because  of 
the  pm-ne  e  size,  the  product  is  instant  cooking,  that  is,  it  does  not  require 
additional  heating  after  the  addition  of  boiling  water  to  the  rice.  A  short 
period  of  standing  after  the  addition  of  water  is  necessary,  of  course 


FLAKES 

General  Considerations 

Flaking  is  a  relatively  simple  process,  consisting  in  its  most  elemental 
f  ™  of  cooking  fragments  of  cereal  grains  (or  sometimes  whole  Z 
H  ttening  the  soft  particles  between  rollers,  and  toasting  the  rfsu  tani 
Hake  at  high  temperatures.  Apparentlv  thp  fiver  ™  .  1  esultant 

of  such  a  food  occurred  around  the  t  ,  commercial  production 

and  w-  »• — — who, 
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Creek  Sanitarium.  Many  complications  have  been  introduced  into  the 
process  since  that  time  in  attempts  to  improve  the  flavor  and  the  efficiency 
of  operations,  and  to  increase  the  uniformity  of  flake  size  and  appearance 
which  is  so  desirable  to  the  manufacturer  and  perhaps  even  to  the 
consumer. 

In  the  basic  processing  steps,  the  raw  material  undergoes  the  following 
changes:  (1)  the  starch  is  gelatinized  and  probably  slightly  hydrolyzed; 
(2)  the  particle  undergoes  a  browning  reaction  due  probably  to  inter- 


Fig.  140.  Retorts  for  Cooking  Flake  Ingredients 


action  of  proteins  and  sugars;  (3)  enzymic  reactions  are  stopped,  render 
ing  the  final  product  more  stable;  (4)  dextrinization  and  carame  izat.on  of 
thf  sugars  occur  as  a  result  of  the  high  temperatures  in  the  roasting  oven, 
and  (5)  the  flake  becomes  crisp  as  a  result  of  the  reduction  of  its  moisture 

•  . .  • 
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Fig.  141.  A  Set  of  Flaking  Rolls 


corn  flake  operation  will  be  described  first,  followed  by  a  discussion  of 
a  wheat  flake  production  method  which  is  considerably  more  complex. 
Bran  flakes,  40  per  cent  bran  flakes,  and  rice  flakes  are  also  marketed  and 
are  produced  by  quite  similar  methods. 

Corn  Flake  Production 

Hybrid  yellow  corn  is  usually  used,  although  white  corn  provides  an 
equally  satisfactory  raw  material.  The  corn  is  broken  (milled)  so  as  to 
VIC  c  a  No  4  to  No.  5  grit,  free  of  germ  and  bran.  These  large  pieces 
Z:T  fr  0ne-half  of  a  °°™  ke™el,  and  they  retain  their  identity 

flake  Co  o  FTT8'  eac1'  PartiCle  eventually  emerging  as  a  corn 
arits  and  4R  |  "K  rlcal  pressure  cooker  is  placed  about  1700  lbs.  of  the 
fe  •  and  .36  gallons  of  a  flavoring  syrup  consisting  of  sugar,  malt  (non- 
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diastatic),  salt,  and  water.  Occasionally  niacin  is  also  added  at  this  point. 
During  the  cooking  period  the  charge  accumulates  additional  water 
from  the  steam  introduced  into  the  retort,  rising  to  about  33  per  cent 
moisture. 

Cooking  is  done  in  the  slowly  rotating  retort  at  15  to  23  (typically  18) 
lbs.  per  sq.  in.  steam  pressure  for  1  to  2  hours.  Different  lots  of  corn 
may  vary  considerably  in  the  duration  of  the  cooking  time  required.  The 
end  point  can  be  judged  by  examining  a  small  sample  of  the  charge  which 
is  blown  out  through  a  gate  valve  for  this  purpose.  A  uniform  trans- 
lucency  in  the  kernels  indicates  an  adequate  cook.  At  this  time,  the  pres¬ 
sure  is  reduced  to  the  atmospheric  level,  the  retort  is  opened,  and  the  con¬ 
tents  are  dumped  out  onto  a  moving  belt. 

After  the  lumps  from  the  cooker  are  broken  down  to  individual  par¬ 
ticles  by  a  revolving  reel,  they  are  distributed  to  a  set  of  driers.  The 
latter  devices  are  essentially  large  tubes  or  tanks  extending  vertically  for 


several  stories.  The  wet  kernels  enter  the  top  and  are  dried  by  a  counter- 
current  of  hot  ( 150  F. )  air  as  they  travel  to  the  bottom.  Another  type  of 
drying  set-up  consists  of  horizontal  rotating  cylinders  having  numerous 
steam-heated  pipes  passing  longitudinally  through  them.  Louver  driers 
may  also  be  used. 

The  dried  particles  now  contain  19  to  23  per  cent  moisture,  but  this 
water  is  unevenly  distributed,  so  the  material  is  transferred  to  tempering 
bins  for  several  hours  (as  many  as  24)  so  that  the  moisture  may  equili¬ 
brate.  After  tempering,  the  hard,  dark  brown  grits  are  ready  for  flaking. 

The  flaking  rolls  are  steel  cylinders  weighing  over  a  ton  each,  and  re¬ 
volving  at  a  speed  of  about  180  to  200  revolutions  per  minute.  Hydraulic 
controls  maintain  a  pressure  of  over  40  tons  at  the  point  of  contact  of 
the  rolls.  The  rolls  are  cooled  by  internal  circulation  of  water.  The 
cooked  dried  grits  are  pressed  into  thin  flakes  as  they  pass  through  the 
rolls.  The  product  is  still  rather  flexible  at  this  time,  lacking  the  c  esire 

crispness  and  preferred  flavor  of  the  finished  corn  flake. 

From  the  rolls,  the  flakes  pass  directly  to  the  rotating  toasting  ovens, 
which  are  usually  gas  fired.  The  moist  flake  is  tumbled  through  the 
perforated  drums  and  passes  within  a  few  inches  ot  the  gas  flames^  Trt. 
ment  may  be  50  seconds  at  575°F„  or  two  to  three  minutes  at  550  F.  In 
addition  to  being  thoroughly  dehydrated  by  the  Process  the  flakes  are 
toasted  and  blistered.  They  emerge  from  the  oven  with  less  than 


""From' tlm"  the  flakes  are  carried  by  belts  to  bin, i  where 

thev  arc  permitted  to  cool  to  room  temperature.  En  wute,  the  pi  < 

L  cooled  by  drculating  air  and  is  usually  treated  with  a  spray  of  a  solu¬ 
tion  of  thiamin  and  perhaps  other  B  vitamins. 
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Courtesy  of  Kelloggs 

Fig.  142.  A  Toasting  Oven  for  Wheat  Flakes 


The  Manufacture  of  Wheat  Flakes 

Plump  kernels  of  wheat  are  used  as  the  raw  material  for  wheat  flakes, 
fter  cleaning  and  classifying  according  to  size,  the  wheat  is  tempered 
I±  moist"rein  steel  bins  of  small  diameter  at  approximately 

fl  !h  TT  T‘,e  Wheat  may  be  ^tnnsferred  one  or  more  times  dur- 

g  ,  pen°d  lf  such  a  Procedure  is  necessary  in  order  to  keep  the  tem- 
perature  within  reasonable  limits.  After  tempering,  the  wheat  is  steamed 

moisture  l"’  '*  reatheS  about  203°F-  and  21  per  cent 

The  steamed  wheat  is  “bumped”  between  smooth  steel  rollers  set  con- 
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siderably  farther  apart  than  are  flaking  rolls.  This  treatment  flattens  the 
grain  slightly  and  ruptures  the  bran  coat  in  several  places  making  the 
kernel  more  permeable  to  the  moisture  added  during  the  cooking  step. 
The  flattened  kernels  are  transferred  to  the  pressure  cookers,  which  are 
similar  to  those  used  for  corn  flakes,  and  the  other  ingredients  are  added. 
These  ingredients  include  sugars,  salt,  malt,  and  sometimes  a  coloring 
substance  such  as  caramel. 

The  retort  contents  are  cooked  at  20  lbs.  per  sq.  in.  steam  pressure  for 
90  minutes  while  the  vessel  rotates  slowly.  After  cooking,  the  grains  are 
soft,  translucent,  and  brown.  They  contain  about  45  to  50  per  cent  mois¬ 
ture.  The  starch  has,  of  course,  completely  gelatinized.  Rotation  of  the 
opened  retort  dumps  the  contents  onto  a  moving  belt  which  transfers  the 
cooked  mass  to  a  chute  leading  to  a  ‘AViggler.” 

The  Wiggler  consists  of  a  horizontal  perforated  disc,  through  which 
warm  air  is  blown  in  an  upward  direction,  and  a  rotating  arm  carrying 
vertically-oriented  inflexible  fingers  around  its  upper  surface.  The  clumps 
of  slightly  adherent  grain  are  dropped  onto  the  center  of  the  perforated 
disc  and  are  broken  up  and  the  individual  grains  moved  to  the  outer  edge 


ot  the  disc  by  the  moving  fingers. 

The  individual  grains  fall  from  the  edge  of  the  disc  and  are  transferred 
pneumatically  to  a  horizontal  rotating  cylinder  fitted  with  internal  louvers. 
In  this  drier,  air  at  250  to  300°F.  is  passed  over  the  grain,  reducing  it  to 
28  to  31  per  cent  moisture.  Holding  bins  are  used  to  store  the  material 

until  it  can  be  transferred  to  the  presses. 

At  this  point,  the  grains  are  still  intact  and  are  rather  tough  and  chewy 
in  texture.  Subsequent  processing  is  designed  to  secure  the  reqmrec 
crispness.  First,  the  wheat  pieces  travel  through  a  drier.  1  lus  might  e 
a  Proctor  and  Schwarz  drier  composed  of  three  sections,  the  first  a 
•?80°F  the  second  at  290°F„  and  the  third  unheated.  Rate  of  move¬ 
ment  of  the  material  is  adjusted  to  yield  a  product  of  about  -1  per  cent 
moisture.  A  spray  of  B-complex  vitamins  is  applied  at  this  stage. 

Screw  conveyors  or  drag  chain  conveyors  transport  the  part, ally  dried 
nellets  to  the  flaking  rolls.  Just  before  falling  into  the  flaking  rolls,  the 
relicts  are  heated,  to  about  180°  to  190°F.  and  they  become  plasticized. 
The  large  steel  flaking  rolls  are  practically  identical  with  those  used  foi 
m  ki  rn  co  ,  flakes.  The  pressure  applied  to  the  pellets  increases  the,. 

content  and  are  still  shg  ,  cent  moisture 

they  are  toasted  and  dehydrated  to  less  c  Temperature 

content  in  a  drier  with  a  perforated 

in  the  oven  may  be  divided  into  four  regions;  for  example, 
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at  310°,  300°  and  280°F.,  and  an  unheated  section  to  cool  partially  the 
product.  The  decreasing  temperature  is  said  to  promote  the  develop¬ 
ment  of  the  desirable  curling  and  blistering. 

SHREDS 

General  Considerations 

By  far  the  most  popular  representative  of  this  class  is  the  shredded 
wheat  biscuit  manufactured  by  several  United  States  firms.  Loose  wheat 
shreds  are  manufactured  by  one  or  two  concerns,  and  a  combination  corn 
and  soya  product  in  the  shredded  form  is  being  marketed.  Processing  of 
all  of  these  foods  is  similar  until  the  biscuiting  step  is  reached,  so  the 
present  discussion  will  be  devoted  to  the  more  inclusive  procedure:  the 
manufacture  of  shredded  wheat  biscuits. 


Shredded  Wheat  Biscuits 

This  product  differs  from  most  other  prepared  breakfast  cereals  in 
that  it  is  made  from  whole  grain  without  the  addition  of  any  flavor  and 
without  the  removal  of  the  germ  or  bran.  Cooking  may  be  done  at  atmos¬ 
pheric  pressure,  in  boiling  water.  After  an  hour  or  more  of  cooking,  the 
moisture  content  of  the  wheat  has  reached  50  to  60  per  cent  and  the 
kernels  are  very  soft.  Some  preliminary  drying  in  louver  ovens  may  be 
done  at  this  time,  but  the  whole  wheat  is  not  brought  much  below  45  to 
50  per  cent  moisture.  The  cooked  and  partially  dried  wheat  is  trans¬ 
ferred  to  stainless  steel  bins  and  tempered  for  many  hours  before  it  goes 
to  the  shredding  rolls. 

The  shredding  rolls  are  from  6  to  8  inches  in  diameter  and  as  wide  as 
the  finished  biscuit  is  to  be  and  thus  are  much  smaller  than  flaking  rolls. 
On  one  of  the  pair  of  rolls  is  a  series  of  about  20  shallow  corrugations 
running  around  the  periphery.  In  cross  section,  these  corrugations  may 
be  rectangular,  triangular,  or  a  combination  of  these  shapes.  The  other 
roll  of  the  pair  is  smooth.  Soft  cooked  wheat  is  drawn  between  these 
rollers  as  they  rotate,  and  issues  as  continuous  strands  of  dough. 

Biscuits  are  built  up  by  layering  strands  on  a  moving  belt  which  passes 
under  sets  of  rolls  working  in  tandem.  Ten  to  18  rolls  may  be  used  for 
circular  biscuits,  while  22  rolls  is  a  common  number  for  rectangular 
biscuits.  In  the  latter  case,  layered  strands  are  separated  into  biscuits 
by  passing  them  between  two  blunt  “knives”  which  fuse  a  thin  line  of  the 
dough  into  a  solid  mass  at  regular  intervals. 

Circular  biscuits  are  formed  quite  differently.  One  end  of  the  layered 
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and  the  forward  motion  of  the  belt,  combined  with  the  reverse  and  up¬ 
ward  motion  of  the  cylinder  surface,  causes  the  layer  to  roll  up  into  a 
circular  biscuit.  As  the  biscuit  reaches  the  proper  size,  a  knife  chops  down 
on  the  belt,  severing  the  strands  so  that  the  formed  biscuit  is  released. 
Automatic  controls  vary  the  speed  of  the  belt  as  the  diameter  of  the  biscuit 
increases.  The  completed  disc  falls  into  a  cup  from  which  it  is  transferred 
to  a  belt  leading  to  the  ovens. 

Since  the  biscuits  are  formed  from  dough  of  relatively  high  moisture 
content,  they  are  quite  tender,  and  must  he  handled  very  carefully  to 
prevent  distortion.  In  practice,  this  means  that  the  transfer  steps  must 
proceed  more  slowly  than  is  necessary  with  flakes  or  puffed  products. 

The  wet  biscuits  are  placed  on  a  metal  belt  moving  through  a  high 
temperature  gas-fired  oven.  After  10  to  15  minutes,  the  outside  of  the 
product  is  dry  and  toasted  while  the  interior  is  still  wet.  Then  the  biscuits 
are  transferred  to  another  hot  air  oven  (or  to  a  different  section  of  the 
same  oven)  where  they  are  dried  at  250°F.  for  30  to  60  minutes  through 
time  depending  upon  the  size  and  the  air  flow.  Finished  moisture  con¬ 
tent  is  about  eleven  per  cent.  The  combination  of  heat  treatments  causes 
the  biscuit  to  assume  the  familiar  oval  cross-section. 

Hale  and  Carpenter  (1956)  described  the  preparation  of  a  biscuit 
having  a  lattice-like  network  of  shreds.  Their  product  may  be  puffed 
and  therefore  resembles  not  only  shredded  wheat  biscuits,  but  also  the 
product  patented  by  Huber  (1955)  as  described  in  the  Puffing  section  of 


this  Chapter  (p.  560).  Q  , 

The  Havor  of  shredded  wheat  differs  markedly  from  that  of  whole  flakes 

because  the  latter  include  added  condiments  and  are  subjected  to  much 
more  heat  in  both  the  cooking  and  the  toasting  step.  The  more  rigorous 
heat  treatment  applied  to  flakes  results  in  considerably  more  carameliza- 

tion  in  the  finished  product.  , 

Rancid  odors  tend  to  accumulate  if  shredded  wheat  is  stored  in  sea  e 
containers  For  this  reason,  the  product  is  sold  in  "breather  boxes  with¬ 
out  outer  or  inner  linings.  When  so  packaged,  the  product  is  just  • 

Stable  to  storage  deterioration  as  any  other  prepared  cereal  excel 
stable  to  storage  ueie  umosnheres  of  high  relative  humidity 

moisture  absorption  may  occui  in  atmospheres  or  n  g 

with  a  consequent  loss  of  crispness. 


CEREAL  GRANULES 

,  ,  ,  , .  „f  Hhs  type  being  marketed  on  a  nationwide  basis 

The  only  product  of  this  type  oe  ...  ,  ,  Corp. 

.»  «»1. » i-1  ■  *•  — 01 
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a  loaf  of  bread— albeit  an  unusual  type  of  bread.  It  bears  a  strong 
resemblance  to  some  of  the  earliest  types  of  precooked  cereals. 

The  initial  step  in  the  manufacture  of  cereal  granules  is  the  prepara¬ 
tion  of  a  stiff  dough  from  wheat,  malted  barley  flQiir,  salt,  dry  yeast,  and 
water.  A  dough  weight  of  1600  lbs.  is  a  common  size.  After  mixing,  the 
dough  is  dumped  into  troughs  and  stored  at  SO  F.  and  80  per  cent  rela¬ 
tive  humidity  for  4V2  to  5  hours.  During  this  stage,  much  hydrolysis  of 
the  starch  to  sugars  occurs  by  virtue  of  the  action  of  the  malt  enzymes 
and  some  leavening  takes  place  as  a  result  of  the  yeast  fermentation. 


Courtesy  of  Post  Cereals 

Fic.  143.  Removing  Grape-Nuts  Loaves  from  the  Oven 


At  the  end  of  the  fermentation  period,  tire  dough  is  formed  into  loaves 
and  transferred  to  the  ovens  without  the  intervention  of  a  proofing  period 
Tlw  loaves  are  baked  for  two  hours  at  4(><)»F.  and  then  depannod  ( Fig. 

The  baked  loaves  are  fragmented  by  shredding  knives  or  saws  and 
the  pieces  transferred  to  the  secondary  ovens  after  passim?  thm  ’,,1 
sizmg  step  which  removes  fines.  After  two  or  more  hours  of  baking  at 
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Fig.  144.  Fragmented  Grape-Nuts  Loaves  Leaving  the  Toasting  Oven 

about  250°F.,  the  pieces  are  broken  up  into  small  granules  which  are 
carefully  sized  before  packaging.  Fines  from  each  stage  of  the  operation 
are  used  in  subsequent  doughs. 

PUFFED  CEREALS 


General  Considerations 

Puffing  processes  may  be  conveniently  divided  into  two  types:  (1) 
atmospheric  pressure  procedures  which  rely  upon  the  sudden  application 
of  heat  to  obtain  the  necessary  rapid  vaporization  of  water;  and  (2)  pres¬ 
sure-drop  processes  which  involve  suddenly  transferring  superheated, 
moist  particles  into  a  space  at  lower  pressure.  In  the  latter  case,  the  pres¬ 
sure  drop  may  be  achieved  by  releasing  the  seal  on  a  vessel  containing 
a  product  which  has  been  equilibrated  with  high  temperature  steam,  or 
it  may  be  secured  by  transferring  the  hot  material  from  the  atmosphere 
into  an  evacuated  chamber.  The  former  process  is  much  more  widely 

The  puffing  phenomenon  results  from  the  sudden  expansion  of  "-ate 
vapor  (steam  )  in  the  interstices  of  the  granule.  The  particle  is  feed  in 
M  ».»  by  lb.  dehydration  resulting  fa-  Ifa  -fa 
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wheat  and  sixfold  to  eightfold  for  rice.  Oven  puffing  causes  a  lesser  in- 

crease,  about  threefold  to  fourfold  for  rice. 

Puffed  products  must  be  maintained  at  about  three  per  cent  moisture 

(or  less)  in  order  to  have  the  desired  crispness.^  Even  at  five  per  cent 
moisture  a  definite  toughness  becomes  evident  (Carlin  1956).  These 
levels  are  more  critical  and  harder  to  maintain  in  foods  which  have  been 
gun-puffed. 


Oven-Puffed  Rice 

This  product  is  prepared  from  whole  kernels  of  domestic  short-grain 
milled  rice.  Frequently  the  rice  is  parboiled  and  pearled.  A  batch  of 
1400  lbs.  of  rice  is  weighed  into  cookers  such  as  are  used  in  the  prepara¬ 
tion  of  corn  or  wheat  flakes.  About  53V2  gallons  of  sugar  syrup  with  salt 
are  added,  and  the  mixture  is  cooked  for  5  hours  under  15  lbs.  steam  pres¬ 
sure.  Sometimes  non-diastatic  malt  syrup  and  enriching  ingredients  are 
added  before  cooking. 

The  lumps  of  cooked  rice  coming  from  the  retorts  are  broken  up  and 
dried  to  approximately  25  to  30  per  cent  moisture  content  in  rotating 
louver  driers.  At  this  point,  the  moisture  is  allowed  to  distribute  uni¬ 
formly  in  the  grain  mass  by  storing  the  partially  dried  product  in  stainless 
steel  bins  for  about  15  hours.  Lumps  form  during  the  tempering  process, 
and  must  be  broken  up  before  the  rice  is  sent  to  the  flaking  rolls. 

After  the  individual  kernels  are  separated  and  again  dried  so  that  a 
moisture  content  of  18  to  20  per  cent  is  reached,  they  are  passed  under 
a  radiant  heater  which  brings  the  external  layers  of  the  rice  to  a  tem¬ 
perature  of  about  180  F.  The  outside  layers  of  the  kernel  are  plasticized 
by  the  heat  so  they  do  not  split  when  the  grain  is  run  through  the  flaking 
rolls. 

The  rolls  used  in  preparation  of  oven-puffed  rice  are  set  relatively  far 
apart  so  that  the  tremendous  compression  effect  necessary  in  corn  flakes 
manufacture  is  not  achieved.  In  fact,  the  rolls  contact  only  the  central 
part  of  the  rice  kernel.  The  “bumped"  grains  are  again  tempered,  this 
time  for  about  24  hours. 

To  secure  the  puffed  effect,  the  cooled  and  tempered  rice  is  passed 
through  toasting  ovens  at  450°  to  575°F.  Transit  time  is  about  30  to  45 
seconds. 

A  cereal  called  “Special  K,"  manufactured  by  the  Kellogg  Co.,  is  basi- 
cally  a  rice  kernel  which  is  cooked,  then  coated  while  in  a  moistened  con¬ 
dition  with  wheat  gluten,  wheat  germ  meal,  dried  skim  milk,  debittered 
brewers  yeast  and  other  nutritional  adjuncts.  Finally  the  material  is 
oven-puffed.  A  more  complete  description  of  the  product  has  been 
given  by  Thompson  and  Raymer  ( 1958 ) . 
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Gun-Putted  Products 

The  manufacture  of  a  composite  cereal  by  the  gun-puffing  method  will 
be  described  since  it  includes  several  concepts  not  previously  treated  in 
this  chapter. 

Corn  cones,  oat  flour,  and  a  flavor  pre-mix  consisting  of  sugar,  coloring 
substances,  flavoring  compounds,  etc.,  are  combined  in  a  screw  conveyor 
with  interrupted  flights.  The  homogenous  mixture  is  dumped  through  a 
rotary  valve  into  a  continuous  steam-jacketed  cooker.  Water  is  added 


Fig.  145.  Pilot  Plant  Semi-Continuous  Puffing  Gun  Installation 


by  a  metering  device  so  that  the  product  going  to  the  extruders  is  at  38  to 

40  per  cent  moisture  content.  A  ., 

Auger-induced  pressure  extrudes  strands  of  cooked  dough  around  the 
periphery  of  a  circular  die.  A  knife  travelling  over  the  die  surface  cu 
the  strands  into  short  pellets.  The  pellets  may  he  solid  or  have  a  holU 
r-pnior  The  pellets  go  to  a  tumbling  cooker  which  reduce?  t 
moisture  and  prevents  the  occurrence  of  agglomeration.  The  product 
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Courtesy  of  Quaker  Oats  Co. 

Fig.  146.  Dough  Pieces  Exploding  from  an  Experimental  Puffing  Gun 


piled  about  three  inches  deep  on  the  metal  belt  of  a  Proctor  and  Schwarz 
oven. 

Solid  pellets  at  15  to  16  per  cent  moisture  content  may  be  bumped  be¬ 
tween  rolls  to  make  a  disc-shaped  particle  with  serrated  edges. 

The  guns,  so-called,  are  pressure  vessels  about  six  inches  in  diameter 
and  30  inches  long.  They  are  provided  with  a  steam  inlet,  a  bleed-off 
valve,  and  a  means  for  heating  the  gun — usually  by  a  gas  flame.  A  charge 
of  pellets  at  11  to  12  per  cent  moisture  content  is  dropped  into  the  open 
end  of  the  gun  from  a  gravity  chute  leading  from  the  storage  bins  on  the 
floor  above.  The  end  of  the  gun  is  sealed  by  a  trip-valve.  All  valves  are 
closed,  sealing  the  gun.  If  the  gun  is  heated  by  gas  flames,  it  is  slowly 
rotated  while  the  temperature,  and  consequently  the  pressure,  is  slowly 
built  up.  The  temperature  may  reach  500°  to  800° F.,  and  the  pressure 

at  the  end  point  may  be  100  to  200  lb.  per  sq.  in.  This  process  may  take 
5  to  7  minutes. 

When  the  pressure  reaches  the  necessary  level,  the  end  of  the  gun  is 
suddenly  opened  by  a  trigger  mechanism.  The  contents  explode  (Fig. 
146),  into  a  cage  or  bin  provided  with  a  floor  opening  leading  to  a  con¬ 
veyor  belt  The  material  is  then  visually  inspected  for  color  and  agglom¬ 
eration  and  sent  to  the  packing  line.  b 
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There  can  be  almost  endless  variations  on  the  preceding  method. 
Cocoa  can  be  added  to  the  dough  to  make  a  chocolate  flavored  confec¬ 
tion.  Products  may  be  made  of  any  color  for  which  there  is  a  suitable 
edible  dye.  Shapes  can  be  varied  within  a  wide  range.  Raw  materials 
may  be  almost  any  combination  of  cereals. 

Some  composite-dough,  gun-puffed  cereals  are  the  trade-marked  Kix, 
Coco-Puffs,  Jets,  Trix,  Cheerios,  etc. 


Fig.  147.  Product  at  Various  Steps  in  the  Puffing  Operation 

Left-extruded  pellets  of  gelatinized  dough;  right-pellets  which  have  been  flattened 
between  rolls;  center — the  puffed  dough  pieces. 


Wheat  and  rice  kernels  can  be  gun-puffed.  Usually  durum  or  a  hard 
wheat  is  used  as  the  raw  material  for  the  puffed  wheat,  and  it  is  often 
pearled  before  puffing  to  reduce  the  amount  of  bran  present  on  the  finished 
product.  This  bran  becomes  loosened  by  the  puffing  process,  and  if  an 
excessive  amount  is  present,  it  can  form  an  unsightly  deposit  in  the  bottom 

of  the  package. 

Alternate  Puffing  Methods 

Processes  dependent  upon  contact  of  dough  pieces 
bossed  cylinders  are  in  current  usi.  u i  e  ( 

method  in  which  roll  temperatures  of  350  to  800  *  be 

likely,  in  practice,  temperatures  m  the  upper  half  of  u  b 
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Courtesy  of  Post  Cereals 

Fig.  148.  The  Coating  Reel 

A  rotating  drum  in  which  sugar  syrup  is  applied  to  toasted  (lakes. 


employed.  The  rolls  may  be  heated  by  radiant  ( infrared )  heat  or  by  the 
circulation  of  high  temperature  fluid  media  inside  the  cylinder.  In 
Hubers  process,  the  dough  has  a  moisture  content  of  8  to  18  per  cent 
going  into  the  rolls  and  6  to  7  per  cent  after  puffing.  The  dough  may  be 
preheated  to  temperatures  below  boiling:  in  this  case  lower  roll  tempera¬ 
tures  are  practicable. 

Gates  (1958)  described  a  cereal  puffing  method  which  is  somewhat 
analogous  to  gun-puffing  except  that  the  grain  is  steam-treated  under 
less  pressure  than  usual  and  is  puffed  by  passing  into  a  chamber  having  a 
considerable  negative  pressure  with  respect  to  the  atmosphere.  Gates’ 
method  also  differs  from  gun-puffing  in  being  continuous.  It  has  been 
used  to  make  a  quick-cooking  rice,  but  apparently  there  are  no  prepared 
breakfast  cereals  being  made  by  this  method. 


Sugar-Coated  Products 

Spherical  or  disc-shaped  products  such  as  puffed  wheat  and  lice  can 
be  coated  by  a  method  very  similar  to  the  pan-coating  technique  used  in 
nfectionery  manufacture.  The  requisite  apparatus  somewhat  resembles 

theT horizontal’  "Vh"'"8  'T'  r°‘a,in8  about  “  inclined  to 

horizontal.  The  very  dry  cereal  particles  are  placed  in  the  bowl 
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and,  as  it  rotates,  a  molten  ( 250  F. )  sugar  syrup  is  slowly  dripped  upon 
the  mass.  The  tumbling  action  of  the  particles  results  in  each  of  them 
remaining  separate  and  being  uniformly  coated  with  a  thin  glaze  of  sugar 
which  hardens  upon  cooling. 

Some  details  of  the  syrup  preparation  and  its  storage  have  been  given  by 
Massman  and  Rivers  (1955).  Other  authorities  have  suggested  a  syrup 
formula  of  about  86  per  cent  sucrose,  13  per  cent  corn  syrup,  and  one 
per  cent  salt.  Sometimes  0.01  to  0.05  per  cent  sodium  acetate  may  be 
added  to  prevent  crystallization  of  the  coating.  From  25  to  60  per  cent 
of  the  weight  of  the  finished  product  is  due  to  the  glaze. 
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Characteristics  of  Cereal  Starches 


The  starch  content  of  cereal  grains  varies  somewhat  with  growing  con¬ 
ditions  and  with  the  specific  grain  under  consideration,  but  it  is  roughly 
about  70  per  cent.  It  is  evident  that  in  any  food  or  feed  produced  from 
a  cereal  grain,  starch  is  a  constituent  that  must  be  given  primary  con¬ 
sideration.  From  a  nutritional  standpoint,  of  course,  the  actual  source  of 
the  starch  is  insignificant. 

Starch  may  have  quite  a  different  function  from  that  of  caloric  value, 
however,  through  the  role  that  it  can  play  in  modifying  the  characteristics 
of  foods.  Examples  of  cases  in  which  starch  properties  are  deliberately 
used  in  foods  include  the  thickening  of  gravies  and  pie  fillings,  the  mold¬ 
ing  of  puddings,  the  stabilizing  of  salad  dressings  and  ice  cream,  and  the 
making  of  gum  drops  and  other  gum  confections. 

The  powdery  nature  of  dry  starch,  which  permits  its  molding  into 
tablets,  and  its  property  of  quickly  wetting  without  the  development  of 
adhesiveness  or  loss  of  granular  structure,  makes  starch  a  good  carrier  for 
drugs  and  for  adjuncts  to  feeds. 

Proper  choice  of  starch  for  a  specific  use  must  be  based  on  knowledge  of 
the  physical  and  chemical  characteristics  which  will  give  the  desired  re¬ 
sult.  Consideration  and  comparison  of  the  characteristics  of  both  un¬ 
modified  and  modified  cereal  starches  are  of  importance  to  food  and  feed 
manufacturers  in  choosing  the  proper  starch  for  each  use. 


UNMODIFIED  STARCHES 

Starch  occurs  in  plants  in  the  form  of  granules,  the  size  and  shape  of 
which  depend  on  the  plant  species.  Granules  from  different  plants  vary 

not  only  in  appearance  but  also,  to  a  minor  degree,  in  chemical  compo¬ 
sition. 


Granule  Size  and  Microscopic  Appearance 

Starch  granules  are  roughly  spherical  or  ovoid  in  shape.  They  appear, 
microscopically,  to  be  composed  of  concentric  layers  of  material  arranged 
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around  a  dark  spot  known  as  the  hilum.  The  layers,  or  lamellae,  are  often 
indistinct  01  invisible  in  cereal  starches,  but  can  be  demonstrated  by 
swelling  the  granules  in  alkaline  reagents. 

\\  hen  a  dry  starch  granule  is  crushed  without  shearing,  it  breaks  into 
wedge-shaped  fragments  along  radial  lines.  Radial  organization  is  also 
clearly  indicated  by  the  interference  cross,  centered  at  the  hilum,  which 
the  granule  shows  when  viewed  between  crossed  polarizer  and  analyzer. 
The  starch  granule,  therefore,  is  considered  to  be  a  typical  spherocrystal. 


I  Hi  M  • 


Cl 


Fig.  149.  Ungelatinized  Starch  Granules 


Upper:  Left,  corn;  right,  wheat. 
Center:  Left,  waxy  corn;  right,  grain  sorghum. 
Lower:  Left,  rye;  right,  oats. 
Magnification  500  X 


The  hilum  is  an  open  area  found  at  the  center  of  spherical  granules  and 
near  one  end  in  ovoid  granules.  It  sometimes  has  long  branches.  Some 
workers  have  considered  the  hilum  to  be  an  area  of  reduced  pressure  or 
vacuum,  but  the  permeability  characteristics  of  the  granule  are  m  oppo¬ 
sition  to  this  view.  In  root  starches  that  have  never  been  dried  the 
hilum  is  observed  to  be  full  of  water.  Similar  observations  cannot  be 
made  on  cereal  starches  because  they  dry  in  the  kernel.  I  a  «  « 

granule  is  placed  on  a  microscope  slide  and  surrounded  with  glycerol. 
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the  slow  movement  of  the  viscous  glycerol  into  the  granule  can  easily  be 
watched.  When  the  glycerol  reaches  the  edge  of  the  hilum,  t  le  a  ei  is 
clearly  seen  to  contain  an  air  bubble.  As  the  glycerol  displaces  or  dis- 
solves  the  air,  the  bubble  slowly  disappears  and  the  hilum  is  progressive  \ 
filled  with  liquid.  The  air  bubble  at  the  hilum  is  also  easily  demolish  atec 
by  chemical  gelatinization  of  the  granule.  Movement  of  the  bubble  can 
be  followed  microscopically  until  it  finally  dissolves  in  the  iquit  . 
the  granule  is  saturated  with  water  before  treatment,  no  bubble  appears. 

Cornstarch— Cornstarch  granules  are  spherical  to  polyhedral  in  shape, 
with  a  diameter  of  from  2  to  about  30  microns.  Spherical  granules  occur 
in  flour  corn  and  in  the  floury  inner  endosperm  of  other  types  ol  corn.  In 
the  outer  horny  endosperm,  which  comprises  most  of  the  endosperm  of 
flint  and  popcorns  and  much  of  that  of  many  dent  varieties,  the  granules 
are  so  tightly  packed  that  they  are  forced  into  polygonal  shapes.  The 
lamellae  of  cornstarch  granules  are  indistinct  or  invisible.  The  hilum  is 
roughly  spherical  or  slightly  branched,  giving  it  a  stellate  appearance. 
The  granules  are  strongly  birefringent. 

Waxy  cornstarch  granules  are  much  like  those  of  ordinary  cornstarch  in 
appearance  and  size,  except  that  the  maximum  diameter  of  the  waxy  corn¬ 
starch  granules  is  often  a  few  microns  larger.  Waxy  starch  granules  are 
best  distinguished  by  staining  with  iodine  which  gives  them  a  reddish- 
brown  color  in  contrast  to  the  blue  coloration  shown  by  ordinary  starch 
granules. 

Starch  granules  from  high  amylose  corn  may  vary  in  size  and  shape. 
They  are  often  of  considerably  smaller  average  and  maximum  size  than 
ordinary  cornstarch  granules  and  some  may  he  of  Y,  T,  or  L  shape,  while 
others  are  spherical  (Deatherage  et  ah  1954).  High-amylose  starch 
cannot  be  distinguished  microscopically  from  ordinary  starch  by  colora¬ 
tion  with  iodine. 

Grain  Sorghum  Starch.— Granules  of  grain  sorghum  starch  are  almost 
indistinguishable  from  those  of  corn.  The  upper  limit  of  diameter  is  about 
35  microns,  however,  and  sorghum  starch  appears  to  have  more  large 
granules  than  are  commonly  found  in  cornstarch. 

Waxy  sorghum  starch  granules  are  closely  similar  to  those  of  ordinary 
sorghum  starch,  but  usually  the  maximum  diameter  is  a  few  microns 
greater  for  the  waxy  starch  granules.  Their  reddish-brown  coloration 
with  iodine  distinguishes  the  waxy  starch  granules. 

Wheat  Starch.— Wheat  starch  is  composed  of  two  types  of  granules. 
The  smaller  granules  are  spherical  while  the  larger  ones  are  lens-shaped. 
There  is  no  sharp  correlation  between  size  and  shape.  Lamellae  may  he 
fairly  clear,  indistinct,  or  invisible.  The  hilum  is  indistinct  and  roughly 
spherical  in  the  small  granules,  plate-like  in  the  large  granules,  i.e., 
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elongated  along  the  long  radii  of  the  granules.  The  long  diameter  of  the 
gianule  may  be  as  great  as  38  microns.  Wheat  starch  granules  are  only 
moderately  birefringent. 

Barley  Starch.— Barley  starch  has  much  the  appearance  of  wheat  starch 
except  that  the  granule  diameter  may  be  as  great  as  48  microns.  There 
are  generally  fewer  small  granules  in  barley  starch  than  in  wheat  starch. 

Waxy  barley  starch  granules  appear  much  the  same  as  the  non-waxy. 
The  waxy  granules  take  on  a  mottled  blue  and  red-brown  coloration  when 
stained  with  iodine. 

Rye  Starch.— Rye  starch  granules  are  similar  in  shape  to  those  of  wheat 
starch.  The  maximum  diameter  of  rye  starch  granules  may  be  as  great  as 
60  microns.  In  the  large,  lens-shaped  rye  starch  granules,  the  broadly 
stellate  hilum  is  often  very  distinct.  Rye  starches  usually  contain  fewer 
small  spherical  granules  than  are  found  in  wheat  starch. 

Oat  Starch.— Individual  granules  of  oat  starch  are  only  2  to  10  microns 
in  diameter.  The  individual  granules  occur  in  compact  spherical  clusters, 
known  as  compound  granules,  about  60  microns  in  diameter  (Pugh  1938). 
The  compound  granules  are  often  broken  as  the  grain  is  processed.  The 
small  individual  granules  are  then  observed  to  be  polygonal,  or  rounded 
on  only  one  side.  Their  shape  results  from  the  yiressure  against  other 
individual  granules  within  the  compound  granule.  Lamellae  are  usually 
invisible.  The  hilum  is  faint  or  invisible.  Birefringence  is  weak. 

Rice  Starch.-Rice  starch,  like  oat  starch,  occurs  in  compound  granules 
of  2  to  150  individual  granules  (Wallis  1933).  The  individual  granules 
are  chiefly  2  to  8  microns  in  diameter  although  a  few  may  attain  a  diam¬ 
eter  of  12  microns.  In  other  respects,  rice  starch  has  a  microscopic  appear¬ 
ance  much  like  that  of  oat  starch. 

Waxy  rice  starch  is  distinguished  from  ordinary  rice  starch  by  the 
reddish  coloration  which  the  former  assumes  when  stained  with  iodine. 


Composition  of  Starch  Granules 

Carbohydrate.— It  has  long  been  known  that  starch  is  a  high  molecular 
weight  condensation  polymer  of  glucose.  The  polymer  is  formed  thiough 
loss  of  one  molecule  of  water  for  each  molecule  of  glucose.  Since  early  in 
the  19th  century,  there  has  been  indirect  evidence  of  two  fractions  m 
most  starches.  Many  attempts  were  made  to  separate  them,  but  it  was 
not  until  1941  that  Schoch  (1941,  1942)  and  Wiegel  (1941)  obtained 
selective  precipitation  of  one  fraction  by  certain  alcohols.  The  fraction 
that  is  thus  precipitated  is  now  known  as  A-fraction,  or  amylase;  the  pm- 
tion  that  remains  unprecipitated  is  known  as  B-fraction,  or  amylopec  in 
The  terms  “amylose”  and  "amylopectin "  were  used  quite  differen  y  n 
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Fig.  150.  Crystals  of  Fatty  Acid-Amylose  Complex 


Upper : 


Separated  at  194°F.  from  autoclaved  cornstarch  paste  to  which  palmitic 

acid  was  added. 

Center:  Same  as  above,  showing  birefringence. 

Lower:  In  sorghum  starch  held  in  water  at  176°F.  for  9  days. 

Magnification  600x 


earlier  literature.  In  reading  books  and  papers  written  prior  to  1941, 
gieat  care  must,  therefore,  be  taken  in  interpreting  these  terms. 
A-fraction,  or  amylose,  has  since  been  selectively  precipitated  by  many 

u°  .7  °rg  MO,  “T°Unt!S  CapabIe  of  bonding.  Schoch  and 

W  .  hams  (1944)  showed  the  possibility  of  fractionation  with  fatty  acid 

and  both  fatty  acids  and  soaps  were  found  by  MacMasters  et  al.  (1946) 
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to  be  effective  fractionating  agents.  Bear  (1944)  used  a  variety  of  or¬ 
ganic  compounds,  including  lower  ketones  and  certain  derivatives  of  ben¬ 
zene,  as  well  as  aliphatic  alcohols  and  fatty  acids.  Nitroparaffins  were 
the  reagents  preferred  by  Whistler  and  Hilbert  (1945),  although  they 
found  that  many  classes  of  organic  compounds,  including  esters,  ketones, 
mercaptans,  carboxylic  acids,  nitroparaffins,  and  pyridine,  could  serve  for 
fractionating  starch.  Capability  of  forming  hydrogen  bonds  with  amylose 
was  considered  to  be  the  criterion  for  a  fractionating  agent. 

Other  fractionations  have  been  reported.  A  recent  development  is 
fractionation  by  use  of  inorganic  salts.  This  is  the  basis  of  the  commer¬ 
cial  fractionation  of  potato  starch  in  the  Netherlands  ( Hiemstra  et  al. 
1956).  A  sedimentation  procedure  following  extraction  of  amylose  from 
pre-treated  granules  was  used  by  Montgomery  and  Senti  (1958). 

The  present  major  significance  of  fractionation  to  the  food  industry  is 
the  ease  with  which  fatty-acid  amylose  complex  forms  at  temperatures 
between  176°  and  203°F.  This  complex  may  occur  in  a  variety  of  food 
products,  such  as  thickened  soups  and  gravies. 

The  amylose  content  of  starch  can  be  estimated  with  some  degree  of 
accuracy  without  resort  to  actual  fractionation.  Bates  et  al.  (1943)  de- 
veloped  a  method  to  determine  amlyose  content  by  potentiometric  titra¬ 
tion  with  iodine;  the  method  is  usually  employed  as  modified  by  Wilson 


et  al.  ( 1943).  A  spectrophotometric  method  for  starch  determination  was 
adapted  by  McCready  and  Hassid  (1943)  to  determine  amylose  content; 
further  modifications  have  been  made  in  several  laboratories.  The  poten¬ 


tiometric  method  depends  on  the  observation  that  under  the  conditions 
used  one  gram  of  amylose  binds  about  200  mg.  of  iodine  while  amylo- 
pectin  molecules  bind  a  negligible  amount.  Several  workers  have  demon¬ 
strated  the  presence  in  some  starches  of  a  fraction  intermediate  between 
amylose  and  amylopectin  in  iodine-binding  capacity. 

Study  of  the  two  major  fractions  of  starch  has  shown  that  amylose  is 
composed  of  linear  molecules  in  which  the  glucose  residues  are  joined 
chiefly  through  a- 1,4  linkages.  Amylopectin  has  a  bush-like  structure 
containing  primarily  a-1,4  linkages,  but  the  molecule  is  branched  throng  i 
a-l  6  linkages.  Evidence  for  the  structure  of  starch  fractions  was  re¬ 
viewed  in  detail  by  Hough  and  Jones  (1953)  and  Schoch  (1953).  Dia¬ 
grams  of  portions  of  amylose  and  amylopectin  molecules,  to  show  struc¬ 
ture,  are  depicted  in  Fig.  151.  , 

The  relationship  of  amylose  and  amylopectin  to  each  other  within  tl 

starch  granule  has  not  been  clearly  established.  Indeed,  some  workers 
(Pasco  and  Hiller  1946,  Sutra  1947)  consider  amylose  and  amylopectm 
to  be  degradation  products,  rather  than  true  fractions  of  starch.  As 
Schoch  (1953)  pointed  out,  there  are  several  objections  to  this  cone  f  . 
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Fig.  151.  Representation  of  Portions  of  Amylose  and  Amylo- 

PECTIN  Moi.ECUI.ES 

B  represents  an  enlargement  of  the  shaded  portion,  A,  in  each  instance. 


Ceieal  starches  usually  contain  approximately  25  per  cent  amylose  and 
i5  pei  cent  amylopectin.  Waxy  starches  contain  little  or  no  amylose. 
Because  they  form  long,  viscous  pastes  which  are  translucent  and  retro¬ 
grade  only  slowly,  starches  from  waxy  varieties  of  corn  and  sorghum  have 
found  use  in  such  foods  as  pie  fillings  and  puddings. 

Amylose  also  has  unique  industrial  possibilities,  hence  breeding  pro¬ 
grams  are  in  progress  to  develop  corn  with  starch  of  high  amylose  content. 
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Starch  of  82  per  cent  amylose  content  has  been  attained  (Zuber  et  al. 
1958)  and  a  field-type  corn  with  starch  of  56  per  cent  amylose  content 
( Deatherage  et  al.  1954)  has  been  grown  in  sufficient  quantity  for  in¬ 
tensive  study  of  the  starch  properties  (Wolff  et  al  1955).  A  series  of 
natural  starches  of  varying  characteristics  can  be  expected  to  be  avail¬ 
able  for  industrial  food  uses  within  the  next  decade. 

Non-carbohydrate.— Starch  granules  commonly  contain  small  amounts 
of  protein,  fatty  substances,  and  inorganic  material.  There  is  consider¬ 
able  evidence  that  some  of  the  inorganic  ions  are  chemically  combined 
with  the  starch  molecules.  For  example,  phosphate  is  sometimes  con¬ 
sidered  to  be  an  integral  part  of  the  starch  molecule.  There  is  consider¬ 
ably  less  phosphorus  in  cereal  starches,  however,  than  in  potato  and  some 
other  starches. 

There  is  little  evidence  to  indicate  if  the  protein  and  fatty  materials 
are  integral  parts  of  the  granule,  are  merely  occluded  during  granule 
formation,  or  are  adsorbed  on  the  granule  surface  either  while  the  starch 
is  still  in  the  plant  or  during  industrial  processing. 

The  non-carbohydrate  constituents  of  starch  are  of  relatively  little  im¬ 
portance  in  relation  to  food  use,  except  as  they  affect  the  physical  prop¬ 
erties  of  the  starch.  Current  theories  as  to  the  relationship  between  the 
carbohydrate  and  other  constituents  of  starch  granules  have  been  dis¬ 
cussed  in  detail  elsewhere  (Radley  1953). 


The  Pasting  of  Starch 

When  unmodified  starch  is  heated  in  water,  it  eventually  makes  the 
familiar  starch  paste.  The  process  can  be  conveniently  divided  into  the 
two  major  steps  described  below. 

Loss  of  Crystalline  Structure.-Air-dried  starch  granules  swell  slightly 
when  placed  in  cold  water,  but  retain  a  crystalline  structure.  Sorption 
of  water  is  apparently  not  confined  to  the  granule  surface  ( Heilman  and 

Melvin  1950). 

As  a  suspension  of  starch  in  water  is  heated  to  successively  higher  tern- 
peratures,  several  distinct  changes  take  place.  First,  birefringence  is  lost 
around  the  hilum;  then  there  is  progressive  loss  of  birefringence  outward 
from  the  hilum  until  none  remains.  Different  granules  within  the  same 
starch  sample  begin  to  lose  birefringence  and  finally  become  completely 
lacking  in  birefringence  (isotropic)  at  temperatures  differing  by  severa 
degrees  Fahrenheit.  The  term  “gelatinization  temperature  is  used  by 
many  starch  chemists  to  designate  that  temperature  at  which  all  gram,  es 
in  a  given  sample  have  lost  all  birefringence  The  range  m  temper, me 
between  that  at  which  the  first  granules  begin  to  show  ossobie- 
fringence  around  the  hilum  and  that  at  which  all  granules  have  lost  all 
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Fig.  152.  Starch  Granules  After  One  Hour  in  Water  at  203° F. 


Upper:  Cornstarch. 
Center:  Waxy  cornstarch. 
Lower:  Wheat  starch. 
Magnification  525  X 


birefringence  is  then  called  the  “gelatinization  temperature  range.”  Both 
are  specific  for  a  given  starch  and  relatively  specific  for  a  type  of  starch 
such  as  wheat,  corn,  or  oat  starch.  The  cereal  starches  cannot,  however’ 
be  clearly  distinguished  from  one  another  by  their  gelatinization  tem¬ 
peratures  or  gelatinization  temperature  ranges.  Most  samples  will  show 
some  oss  o  irefiingence  at  136'  F.  and  nearly  complete  loss  at  158°F. 
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If  a  polarizing  microscope  is  not  available  for  observation  of  birefrin¬ 
gence,  the  gelatinization  temperature  and  range  may  still  be  determined. 
An  ordinary  microscope  may  be  used  to  observe  staining  of  the  granules 
with  Congo  red,  congocorinth,  or  benzopurpurin,  for  example.  These 
stains  impart  a  red  color  to  all  gelatinized  granules  and  gelatinized  por¬ 
tions  of  granules.  All  ungelatinized  portions  remain  unstained.  It  is 
sometimes  convenient  to  use  one  of  the  stains  in  a  preparation  being 
examined  under  the  polarizing  microscope,  to  facilitate  the  observations. 
These  techniques  are  often  useful  in  identifying  and  estimating  relative 
percentages  of  ungelatinized  and  gelatinized  starches  in  foods  and  feeds. 

Granules  that  have  merely  gelatinized  and  that  have  not  swollen  ap¬ 
preciably  after  gelatinization  appear  to  retain  the  ability  to  return  to  the 
spherocrystalline  state.  If  alcohol  is  used  to  dehydrate  them,  for  example, 
they  regain  approximately  their  original  size  and  again  show  strong  bire¬ 
fringence.  Addition  of  iodine  reagent  will  effect  a  similar  change  in 
appearance  (MacMasters  1953). 

Swelling  and  Paste  Characteristics.— As  the  temperature  of  an  aqueous 
suspension  of  starch  is  increased  above  the  gelatinization  temperature, 
the  granules  swell  considerably  and  quickly  lose  their  ability  to  return  to 
the  birefringent  condition.  The  shape  of  the  swollen  granules  is  charac¬ 
teristic  for  a  given  starch  (Fig.  152).  Amylose  is  lost  from  the  granules 
into  the  ambient  water.  When  a  dilute,  unagitated  suspension  is  stained 
with  iodine  reagent,  the  granules  are  seen  to  be  unbroken,  with  blue 
coloration  resulting  from  the  presence  of  amylose  between  them.  Non- 
waxy  cereal  starch  granules,  and  most  others,  remain  unbroken  even  in 
boiling  water  unless  they  are  jostled  by  other  granules  or  the  suspension 
is  mechanically  agitated  (MacMasters  et  al.  1947).  When  they  are 
broken,  the  fragments  remain  as  intact  particles.  A  starch-water  system 
must  be  heated  under  pressure  well  above  the  boiling  temperature  of 

water  if  the  starch  is  to  be  dispersed. 

The  swelling  of  the  granules  as  the  temperature  of  the  water  is  in- 

creased  causes  an  increase  in  the  viscosity  of  the  system.  Some  workers 
refer  to  the  temperature  at  which  viscosity  begins  to  increase  rapidly  as 
the  “gelatinization  temperature,”  but  a  more  descriptive  term,  swelling 
temperature,”  is  used  by  many.  Since  “gelatinization  temperature  is 
also  used  to  indicate  temperature  at  which  all  birefringence  Is  >“  ’  car 
must  be  taken  to  interpret  the  term  if  the  author  fails  to  defin 

m  Withhi  ordinary  working  limits,  increased  duration  of  heating  cannot 
be  substituted  for  temperature  attained  to  produce  a  desired  degree 
swelling  of  starch  granules,  it  is  true  that  granules  will  well  slightly 
beyond  the  original  amount  if  held  in  water  for  several  hours  at  a 
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Fig.  153.  Light-Thansmittancy  Curve  of  Cornstarch 

Heated  in  Water 


stant  temperature.  But  the  increase  thus  attained  is  less  than  that  caused 
by  raising  the  temperature  10  to  20  F.  If  non-waxy  starch  is  heated 
in  water  to  176  to  194°F.  and  held  at  that  temperature  for  several  days, 
the  granules  decrease  slightly  from  the  maximum  swollen  size  which  they 
attain,  and  become  very  tough.  They  can  then  no  longer  be  broken  by 
usual  conditions  attained  in  a  high  speed  electrical  homogenizer.  Crys¬ 
tals  of  the  fatty  acid-amylose  complex  may  form  within  some  of  the 
granules  under  these  conditions  (MacMasters  et  al.  1946),  but  often  are 
found  between  the  granules  (Fig.  150). 

Not  only  the  microscopic  appearance  of  the  swollen  granules,  but  also 
the  characteristics  of  the  paste  depend  on  the  kind  of  starch.  Wheat 
starch,  for  example,  forms  a  relatively  soft  paste  while  cornstarch  pastes 
are  stiffer.  Both  corn  and  wheat  starch  pastes  are  short.  The  waxy  cereal 
starches  form  long  pastes,  which  are  initially  much  more  viscous  than 
those  of  the  corresponding  non-waxy  starches.  Waxy  starch  granules 
appear  to  break  more  easily  than  other  starch  granules  during  pasting 
(Fig.  152).  Waxy  rice  starch,  however,  appears  to  suffer  less  breakage 
than  the  waxy  starches  of  larger  granule  size.  Waxy  rice  flour  paste 
was  found  by  Hanson  et  al  (1953)  to  be  highly  resistant  to  changes  that 
starch  pastes  usually  undergo  during  freezing. 

The  clarity  of  a  non-waxy  paste  increases  as  the  granules  swell  and 
ecome  more  translucent.  The  translucency  curve  obtained  by  plotting 
light  transmittancy  us.  temperature  is  characteristic  of  the  kind  of  starch 
(Morgan  1940).  The  common  cereal  starches  form  semi-translucent 
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pastes  (Fig.  153),  which  become  more  opaque  with  time.  The  opacity 
results  from  the  tendency  of  the  molecules,  especially  those  of  amylose, 
to  align  side  by  side  with  each  other  into  relatively  compact  masses.  The 
phenomenon  is  termed  “retrogradation.”  Retrogradation  occurs  within 
a  few  hours  in  the  case  of  ordinary  cereal  starches.  Pastes  of  the  waxy 
starches,  on  the  other  hand,  are  clear  and  translucent,  and  they  retrograde 
very  slowly. 

Another  characteristic  of  starch  pastes,  which  may  be  of  considerable 
importance  in  food  applications,  is  their  tendency  to  form  coacervates. 
Coacervation  is  the  separation  of  a  colloid-rich  phase  from  a  colloid-poor 
phase.  The  separation  may  occur  as  a  layering  of  the  fluid  system  or  the 


Fig.  154.  Coacervates  of  Cornstarch 


Upper:  Droplets  and  myelin  structure  after  freezing  a  0.5  per  cent  paste. 
Lower:  Droplets  in  paste  to  which  chloral  hydrate  was  added. 

Left,  one  minute  after  addition;  right,  five  minutes  after  addition 

Magnification  200X 


coacervate  may  form  as  droplets  or  myelin  structures.  The  spongy  form 
assumed  by  a  starch  paste  during  slow  freezing  apparently  results  from 
coacervate  formation.  Possibly  the  lumpiness  of  some  frozen  sauces  and 
gravies  after  thawing  may  be  the  result  of  coacervation  during  freezing. 
If  the  frozen  paste  is  sufficiently  dilute,  typical  myelin  coacervate  forms 
and  droplets  are  obtained  (Fig.  154)  (MacMasters  et  al  1946).  In  some 
other  starch  systems,  only  coacervate  droplets  appeal  (  ig-  •  )■ 

Paste  Viscosity.— The  viscosity  of  a  starch  paste  is  an  important  factor 
in  its  applicability  to  food  uses.  For  example  it  is  the  yinriy  of  pasted 
starch  which  leads  to  the  use  of  flour  or  starch  as  a  thiekenu 

and  sauces. 
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Many  instruments  have  been  used  to  determine  the  viscosity  of  starch 
pastes.  Capillary  types  are  unsuited  for  this  purpose  because  swol  cn 
starch  granules  either  entirely  fill  the  capillary  or  fill  so  much  of  it  that 
abberant  wall  effects  result.  The  same  disadvantage  holds  foi  t  le 
floppier  viscometer  when  a  large  ball  leaves  an  essentially  capillary  space 
between  ball  and  wall.  If  a  small  ball  is  used,  it  is  difficult  to  observe  its 
fall  through  a  semiopaque  paste.  Many  useful  studies  have  been  made 
with  the  Corn  Industries  viscometer  (Bechtel  1947)  and  the  Brabender 
Amylograph  (Sehoch  and  Elder  1955,  Kite  et  al  1957),  although  these 
instruments  introduce  some  turbulence  to  the  paste.  Least  objection- 


Data  of  E.  G.  Mazurs,  furnished  by  T.  J.  Schoch 

Fig.  155.  Relationship  Between  Viscosity  of  a  6.8  Per  Cent  Corn¬ 
starch  Paste  and  Its  pH 


able  from  the  theoretical  point  of  view  is  probably  the  MacMichael  vis- 
cometer.  Starch  pastes  are,  however,  complex,  non-homogeneous  sys¬ 
tems  and  only  apparent  viscosity  should  be  reported  for  tbem. 

Paste  viscosity  increases  as  the  starch  granules  swell  in  hot  water  and 
occupy  more  space  in  the  system.  Loss  of  solubles  ( chiefly  amylose )  from 
t  e  granules  into  the  surrounding  water  increases  the  viscosity  of  the 
system.  1  he  swelling  power  and  solubilization  of  several  cereal  starches 
have  been  reported  by  Leach  et  al.  (1958),  who  found  that  “the  extent 
of  solubilization  during  pasting  generally  parallels  the  swelling  pattern  ” 
The  rate  of  agttation  used  was  so  slow  that  no  granule  fragmenlation  or 
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deformation  was  produced.  This  was  confirmed  by  microscopic  examina¬ 
tion. 

Concentration  of  starch,  kind  of  starch,  temperature  attained  by  the 
starch-water  system,  duration  of  heating  at  that  temperature,  and  degree 
of  agitation  of  the  system  affect  the  viscosity  of  a  starch  paste,  as  shown 
in  Table  118  (MacMasters  et  al.  1947).  The  pH  of  the  system  is  also  a 
factor. 

Reaggregation  may  occur  in  cereal  starch  pastes  when  heating  is  pro¬ 
longed  after  some  or  all  granules  have  been  disintegrated  by  rapid  stirring. 
When  the  aggregates  occur  in  considerable  amount,  as  they  do  in  some 
cereal  starch  pastes,  they  must  influence  the  paste  viscosity.  The  aggre¬ 
gate  particles  are  usually  elongated,  rather  than  spherical.  They  were 
shown  by  MacMasters  et  al.  (1947)  to  contain  fatty  material  associated 
with  amylose  and  a  small  amount  of  amylopectin.  The  particles  appear 
to  result  from  spontaneous  formation  of  an  impure  fatty  acid-amylose  or 
soap-amvlose  complex.  Fatty  material  in  the  presence  of  pasted  starch  in 
foods  can  increase  the  amount  of  the  complex  beyond  that  found  in  the 
starch  paste  alone.  There  have  been  cases  where  granulation  in  soups 
and  gravies  apparently  could  be  attributed  to  formation  of  the  complex. 


Table  118 


EFFECT  OF  SOME  FACTORS  ON  PASTE  VISCOSITY  OF  CORNSTARCH 


Starch 

Concentration 
Per  cent 

Temperature 

°F. 

Time  at 
Temperature 
Min. 

Stirring 

R.p.m. 

Granule 

Breakage 

(Microscopic) 

Apparent 

Viscosity 

C.p. 

3 

194 

30 

120 

None 

15 

5 

194 

30 

120 

None 

1  ,080 

5 

194 

30 

1,800 

Appreciable 

317 

5 

212 

30 

160 

Appreciable 

754 

5 

212 

30 

1  ,800 

Complete 

90 

10 

194 

30 

120 

None 

11,800 

10 

194 

30 

1  ,000 

Unappreciable 

7,290 

20 

212 

30 

1  ,000 

Complete 

18,500 

20 

212 

60 

1,000 

Complete 

9,480 

Cereal  starches  exhibit  considerable  individuality  in  their  paste  vis¬ 
cosity  characteristics.  Cornstarch  gives  a  short  paste  of  moderately  high 
viscosity  which  is  fairly  stable  during  cooking,  but  which  is  unstable  below 
pH  4.  Sorghum  starch  is  similar  to  cornstarch,  but  T.  J.  Schoch  reports 
(personal  communication)  that  it  requires  more  cooking  than  cornstarch. 
Wheat  starch  has  a  somewhat  lower  paste  viscosity  than  that  of  corn  or 
sorghum  starch.  Barley,  rye,  and  wheat  flours,  as  well  as  barley  and  rye 
starches  exhibit  viscosity  characteristics  similar  to  those  of  wheat  st 
Waxy  corn  and  sorghum  starches  yield  long  pastes  of  very 
viscosity,  but  the  viscosity  decreases  rapidly  during  cooking.  Waxy  rice 
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starch  and  flour  have  only  moderate  maximum  viscosity  that  is  relative  y 
stable  during  cooking.  The  flour  has  less  thickening  power  than  the 
starch  (E.  G.  Mazurs,  through  T.  J.  Schoch,  personal  communication). 

Because  of  the  varied  characteristics  of  different  starch  pastes,  it  is 
often  possible  to  choose  a  specific  starch  to  attain  the  desired  thickening 
in  such  foods  as  cream  soups,  salad  dressings,  canned  vegetables,  and 
baby  foods. 

Setback  and  Gel  Characteristics.— When  a  starch  paste  is  allowed  to 
cool,  it  becomes  more  viscous.  This  change  is  known  in  the  industry  as 
“setback.”  The  common  cereal  starches  and  flours  have  high  setback, 
whereas  the  waxy  cereal  starches  exhibit  very  little  setback.  As  room 
temperature  is  attained,  the  starch  pastes  may  set  to  a  more  or  less  rigid 
gel,  depending  on  the  kind  and  concentration  of  starch  and  the  pH  of  the 
system. 

There  appears  to  be  some  relation  between  the  size  and  shape  of  non- 
waxy  starch  granules  and  their  gel-forming  abilities.  This  relationship 
may  be  because  of  differences  in  molecular  size  which  accompany  the 
variations  in  granule  size  and  shape.  Cornstarch  pasted  in  five  per  cent 
concentration  sets  to  a  stiff  gel,  typified  by  homemade  cornstarch  pudding. 
Wheat  starch  forms  a  much  softer  gel  at  a  like  concentration.  Rice  and 
oat  starches  form  soft  masses  which  appear  more  like  cold  pastes  than 
gels.  This  seems  to  be  a  characteristic  of  gels  of  starches  with  small 
granule  size. 

The  waxy  starches  form  soft,  thick  masses  rather  than  stiff  gels.  This 
characteristic,  together  with  the  clarity  and  slow  retrogradation  of  waxy 
corn  and  sorghum  starch  pastes,  makes  these  starches  useful  in  fruit  pie 
fillings  and  similar  products. 


MODIFIED  STARCHES 

For  a  number  of  applications  in  the  food  industry,  starch  is  altered  by 
the  use  of  various  physical  and  chemical  procedures.  Native  granular 
cereal  starches  are  efficiently  digested  by  animals;  modification  probably 
has  no  bearing  on  their  biological  utilization  ( Booker  et  al.  1951 ) ,  Rather 
starch  is  modified  specifically  to  confer  upon  it  the  special  properties  re¬ 
quired  or  desired  by  food  manufacturers  for  use  in  preparing  end  products 
such  as  canned  foods,  candy  confections,  bakery  products,  and  beer  The 
end  use  determines  the  properties  considered  most  desirable  For  ex 
ample,  gum  drops  require  a  starch  with  proper  gel  strength  and  structure 
n  pie  fillings  and  gravies  non-gelling  properties  are  more  important.  For 

nse  as  a  neutral  edible  filler,  flow  properties  and  acceptable  color  and 
odor  may  be  most  desired. 

Because  needs  are  diverse,  a  large  number  of  tailor-made  starch  modi- 
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fications  are  marketed  for  food  use  by  starch  manufacturers.  Among  the 
desired  improved  properties  gained  by  appropriate  treatments  of  granu¬ 
lar  starch  are  whiter  color,  freedom  from  odor  development,  improved 
gel  strength  and  clarity,  higher  enzyme  susceptibility,  lower  bacterial 
count,  improved  flow  characteristics  (mobility)  as  a  dry  powder,  greater 
paste  stability,  paste  viscosity  in  the  desired  range— either  higher  or  lower 
than  that  of  the  parent  starch,  and  greatly  increased  water  absorption  in 
the  cold.  Many  additional  properties  could  be  listed. 

Types  of  modified  starches  for  food  uses  referred  to  in  this  chapter 
could  be  derived  from  any  cereal  starch.  In  practice  in  the  United  States, 
however,  they  are  largely  derived  from  cornstarch.  Some  modified  wheat 
and  waxy  cereal  starches  are  also  marketed.  As  an  example  of  the  many 
individual  types  of  products  proposed  for  food  application,  Schoch  and 
Elder  (1955)  have  listed  a  number  of  references  to  the  patent  literature. 
Brief  references  to  starch  modifications  in  commercial  usage  in  the  food 
industries  in  the  United  States  have  been  collected  and  the  products  con¬ 
veniently  categorized  according  to  general  type  of  modification  and  to 
functional  properties  (Anon.  1958). 

In  addition  to  the  various  modifications  of  granular  starch  sold  in 
powdered  form,  two  research  products  proposed  for  use  in  the  food  in¬ 
dustries  can  be  mentioned.  These  are  starch  sponge  and  self-supporting 
film  prepared  from  starch  fractions,  both  of  which  would  have  applica¬ 
tions  based  upon  their  physical  form  and  properties. 


Physically  Modified  Starches 

The  properties  of  starches  and  starch  pastes  are  dependent  largely 
upon  the  molecular  organization  found  naturally  in  the  granules.  Disrup¬ 
tion  of  this  ordered  arrangement  would  be  expected  to,  and  does,  alter  the 
characteristics  and,  hence,  the  end  uses  of  the  starch. 

Pregelatinized  Starches.-Unmodified  starch  does  not  form  a  paste  m 
cold  water.  Cooking  is,  therefore,  necessary  to  develop  the  properties  re¬ 
quired  in  a  food  thickening  agent.  To  provide  a  product  suitable  tor 
instant  convenient  use  by  the  consumer,  the  starch  industry  markets  pre¬ 
cooked  or  “pregelatinized”  starches  which  readily  form  viscous  pastes  or 

Weproduc!fon  ofe precooked  starches  is  straightforward,  although  modifi; 
cations  are  many.  In  essence,  the  starch  is  ge  atinize  an  s\\o 
water  and  then  dehydrated  by  passage  through  hot  rolls  or  by  spr  y 
, Irvine  Extent  of  gelatinization  is  controlled  by  the  amount  of  water 
used  and  Ctempefature  and  time  of  treatment.  Extent  of  granule  de- 
struction  depends  also  upon  the  type  of  agitation  oi  homogemza  1()n 
ployed°n  Alternatively,  gelatinization  may  take  place  in  s,tu  on  the  heated 
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rolls,  when  a  starch  slurry  or  wet  starch  filter  cake  is  passed  through  t icm. 
The  resultant  dried  product  is  usually  ground  before  marketing.  1  rop- 
erties  of  these  cold-water-swelling  starches  are  dependent  upon  the  spe¬ 
cific  processing  conditions  selected,  a  number  of  which  are  described  by 
Kerr  (1950).  Processing  conditions  affect  the  extent  to  which  the  gran¬ 
ules  are  swollen  and  disrupted.  Usually  the  pregelatinized  starches  yield 
pastes  similar  to  those  obtained  by  heating  aqueous  suspensions  of  the 
parent  starches. 

Pregelatinized  starches  are  used  in  pie  fillings,  instant  puddings,  soup 
mixes,  salad  dressings,  prepared  breakfast  cereals,  bakery  mixes,  and  in 
other  applications  where  a  thickening  or  stabilizing  agent  is  required  that 
can  be  used  without  resort  to  heating.  Pregelatinized  starches  have  also 
been  used  to  improve  the  flow  characteristics  of  cracker  doughs  (Kerr 
1950).  As  water  absorption  and  retention  agents,  they  are  used  in 
marshmallows  to  obtain  a  tender  texture  and  in  meat  products  as  binders. 
Special  partially  gelatinized  starches  are  prepared  in  the  form  of  grits 
for  the  brewing  trade.  Starch  in  this  form  is  rendered  more  susceptible  to 
enzyme  action.  Pelleted  pregelatinized  products  of  the  type  used  in 
pearl  tapioca  puddings  have  been  prepared  from  corn  and  waxy  corn¬ 
starches  (Schopmeyer  1947)  and  also  from  waxy  sorghum  starch  (Martin 
1944). 

In  practice,  both  unmodified  starch  and  many  starches  modified  by 
acids,  oxidizing  agents,  or  derivatization  are  available  in  pregelatinized, 
cold-water-swelling  form. 

Starch  Sponge.- When  a  5  to  10  per  cent  starch  paste  is  slowly  frozen 
and  then  thawed,  the  starch  remains  in  a  spongy  form  which  can  be 
squeezed  and  dried  to  a  brittle,  porous  mass.  Dried  starch  sponge 
readily  absorbs  16  times  its  own  weight  of  water.  This  novel  form  of 
starch  has  been  proposed  in  ground  or  shredded  form  for  holding  excess 
moisture  in  preventing  slipping  and  melting  of  icings,  or  as  a  crunchy 
ingredient  of  candies.  In  compressed  form  containing  flavoring  and 
possibly  vitamins  it  is  suggested  as  a  concentrated  carbohydrate  for 
emergency  or  sportsmen’s  rations  (Hilbert  et  al  1945,  MacMasters  and 
Blom  1945).  Sponges  formed  from  wheat  and  cornstarches  have  been 
reported  to  differ  in  properties  (Woodruff  and  Hayden  1936) 

Films.— Transparent  self-supporting  films  have  been  prepared  in  the 
laboratory  from  the  linear  (amylose)  and  branched  ( amylopectin )  starch 
tractions  and  their  properties  determined  (Wolff  et  al.  1951)  including 
permeability  characteristics  (Rankin  et  al.  1958).  In  view  of  increasin'.. 
I™88*  “  and  availability  of  starch  fractions  as  raw  materials  (Anon 
.  7,  Zuber  et  al.  1958),  products  derived  from  the  fractions  warrant 
scions  consideration  for  potential  uses.  Amylose  film  is  generally  similar 
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to  regenerated  cellulose  films  in  properties,  although  its  wet  strength  is 
considerably  lower.  Amylose  offers  the  advantage  of  greater  ease  of 
solution  than  dissolving  pulp  from  paper  wood  or  cotton;  hence,  xantha- 
tion  is  unnecessary  for  solution  before  conversion  to  film  form.  Amylose 
film  is  acted  upon  by  digestive  enzymes.  Because  of  this  fact  and  the 
other  character istics  of  the  film,  it  could  serve  as  an  edible  wrapper  for 
food  materials.  Amylopectin  film  is  more  brittle,  generally  weaker  me¬ 
chanically  than  amylose  film,  but  instantaneously  soluble  in  water. 
Future  research  should  include  consideration  of  amylopectin  film  as  a 
possible  wrapping  for  individual  packets  of  materials  such  as  instant  tea, 
laundry  starch,  and  dyes,  where  a  premeasured  quantity  of  the  ingredient 
and  the  packet  itself  would  be  utilized  as  a  unit  by  the  consumer. 


Chemically  Modified  Starches 


In  the  chemical  modification  of  starch  only  a  slight  alteration  of  molec¬ 
ular  structure  is  required  to  effect  a  drastic  change  in  properties.  For 
this  reason,  as  well  as  for  cost  considerations,  chemically  modified  starches 
used  in  the  food  industry  have  actually  been  changed  to  only  a  small  de¬ 
gree.  In  some  instances,  perhaps  only  two-tenths  of  one  per  cent  of  the 
monomeric  anhydroglucose  units  have  been  affected  by  the  reagent  used. 
In  many  cases  the  detailed  chemistry  involved  in  the  conversion  is  com¬ 
plex  and  incompletely  known.  The  consistent  production  of  treated 
starches  having  desired  properties  still  requires  considerable  art. 

Types  of  modified  starches  most  frequently  used  in  food  industries  are 
acid  modified— thin  boiling  starches,  oxidized  starches,  and  chemically 
derivatized  starches. 


Acid-Modified  Starches —The  high  viscosity  of  aqueous  starch  pastes  is 
due  both  to  the  mechanical  interaction  of  swollen  granules  and  to  dis¬ 
solved  starch  molecules.  High  viscosity  in  dilute  solution  is  characteristic 
of  long-chain  polymeric  substances;  in  a  given  homologous  series  the 
higher  the  molecular  weight  the  greater  the  viscosity.  Linkages  between 
the  units  of  the  starch  chain  are  hemiacetal  in  type  and  are  known  to  he 
broken  by  acid.  Thus  it  would  be  expected  that  acid  treatment  of  starch 
would  shorten  the  starch  chains.  Products  having  lowered  paste  viscosity 
would  result.  That  is  the  case.  Wolff  and  Seckinger  (1950)  showed  by 
viscosity  studies  on  fractions  derived  from  acid-modified  starches  that 
chain  shortening  occurs  in  both  the  amylose  and  amylopectin  fractions. 

Acid  treatment  also  renders  the  granules  more  fragile  and  easily  broken 
during  pasting.  This  result  contributes  largely  to  the  lowered  viscosity 
of  pastes  from  acid-modified  starches.  The  greater  ease  of  granular  frac¬ 
ture  after  acid  modification  is  thought  to  be  due  to  preferential  attack 
the  reagent  upon  the  amorphous,  more  accessible  areas  of  the  granule. 


CHARACTERISTICS  OF  CEREAL  STARCHES 


587 


These  weakened  areas  permit  easier  disintegration 


of  the  granule  upon 


heating  in  water. 

With  acid-modified  starches,  higher  solids  concentrations  are  possib  e 
at  useful  viscosity  levels  or,  conversely,  lower  working  viscosities  are  at¬ 
tained  at  equivalent  concentrations.  This  flexibility  is  important  in  cer¬ 
tain  food  technological  applications.  Acid-modified  starches  have  othei 
desirable  characteristics  referred  to  later  in  conjunction  with  specific 
applications. 

Acid-modified  starches  are  prepared  commercially  by  modification  of 
the  starch  granules  without  appreciable  swelling  or  disruption.  Hence, 
the  treated  starch  may  be  readily  filtered  and  remains  insoluble,  so  proc¬ 
essing  losses  are  very  small.  A  typical  acid-modified  starch  may  be  pre¬ 
pared  by  heating  a  stirred  starch  slurry  for  6  to  24  hours  in  dilute  ( about 
0.1  N)  sulfuric  or  hydrochloric  acid  at  a  temperature  (often  about 
122°F.)  below  the  gelatin ization  range  of  the  starch.  After  neutraliza¬ 
tion  the  starch  is  recovered  by  filtration,  washing,  and  drying. 

The  hot  paste  viscosity  of  starch  is  reduced  upon  acid  modification. 
The  pastes  are  exceedingly  prone  to  gel  on  cooling,  however,  and  form 
firmer  gels  than  those  from  unmodified  starch.  Acid-modified  starches 
are  for  this  reason  especially  suited  for  the  preparation  of  gum  drops, 
jelly  beans,  and  similar  candy  confections.  This  comprises  one  of  their 
chief  uses.  Most  frequently  utilized  products  are  modified  cornstarches 
referred  to  in  the  trade  as  “40  fluidity”  and  “60  fluidity”  grades.  These 
designations  refer  to  an  empirical  viscosity  procedure  used  as  a  measure 
of  the  extent  of  starch  modification  by  the  acid.  The  starches  yield  prod¬ 
ucts  with  the  proper  type  of  tender,  yet  firm  gel  having  adequate  clarity, 
solids  content,  and  water  retentiveness.  Acid-modified  starches  have  also 
been  used  as  ingredients  of  ice  cream  cones  and  wafers. 

The  increased  gelation  tendency  of  starches  upon  acid-modification 
probably  results  from  the  formation  of  linear  chains  of  just  the  proper 
length  for  alignment  side-by-side  to  make  crystallites  with  strong  inter¬ 
chain  bonds.  It  is  possible  also  that  more  or  less  linear  fragments  of 
amylopectin  are  separated  during  hydrolytic  treatment  and  contribute 
toward  the  gelation  properties  of  the  system. 


Oxidized  Starches.-Oxidation  provides  a  versatile  tool  for  modification 
of  starch  properties.  By  the  proper  selection  of  oxidizing  reagent  and  of 
reaction  conditions  starches  can  be  obtained  having:  lowered  viscosity 
increased  viscosity,  greater  stability  and  clarity  of  pastes,  reduced  bac¬ 
terial  count,  better  whiteness,  absence  of  odor,  and  improved  mobility  as 
a  dry  powder.  Peroxides,  permanganate,  ozone,  dichromate,  gaseous  oxy¬ 
gen,  persalts,  and  many  other  reagents  have  been  employed.  Chlorine 
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halite,  and  hypohalite  salts  are  most  frequently  used  in  commercial 
modifications. 


Even  the  most  drastically  oxidized  commercial  food  starch  involves 
modification  of  but  a  minor  proportion  of  monomeric  units.  The  exact 
nature  of  the  changes  taking  place  are  not  well  understood.  Oxidation 
of  aldehyde  end  groups  to  carboxyl,  oxidation  of  alcohol  groupings  to 
carbonyl  and  carboxyl,  and  chain  scission  either  at  carbon-to-carbon  or  at 
carbon-to-oxygen  linkages  to  give  smaller  fragments  probably  all  occur 
to  varying  extents.  The  degree  to  which  each  of  these  reactions  occurs 
is  doubtless  dependent  upon  the  reagent  and  experimental  conditions 
used.  Valuable  investigations  have  made  a  small  beginning  in  extend¬ 
ing  our  knowledge  of  the  specific  chemical  changes  taking  place  during 
the  oxidation  of  starch  (e.g.,  Whistler  et  al.  1956).  However  the  systems 
studied  have  differences  from  those  employed  in  commercial  practice, 
and  one  can  say  that  the  art  of  starch  oxidation  is  considerably  ahead  of 
the  science. 

As  in  the  acid-modification  of  starch,  oxidation  is  effected  without 
granule  disruption.  Thin-boiling  oxystarches,  that  is  those  providing 
lowered  paste  viscosity  than  that  of  the  original  starch,  are  typically  pre¬ 
pared  in  an  alkaline  suspension  of  sodium  or  calcium  hypochlorite  with 
the  temperature  maintained  in  the  range  77  to  122  F.  Amount  of 
available  chlorine,  based  on  the  weight  of  the  starch,  may  be  in  the  range 
of  0.5  to  8  per  cent.  Such  products  are  characterized  by  improved  paste 
clarity  and  decreased  tendency  toward  gelation  or  deposit  of  insoluble 
material  from  the  pastes  (usually  referred  to  as  retrogradation).  It  is 
hypothesized  that  this  lessened  propensity  to  retrograde  is  attributable 
primarily  to  action  of  the  oxidizing  reagent  on  the  linear  fraction.  Regu¬ 
larity  of  the  amylose  molecules  is  then  disturbed  to  the  extent  that  the 
chains  do  not  associate  as  readily  to  form  an  organized  network.  Granules 
of  oxidized,  thin-boiling  starches,  like  acid-modified  starches,  are 
fragile  and  easily  disrupted  on  pasting;  they  have  a  short  cooking  time. 
If  gels  are  formed,  they  are  weaker  than  those  from  the  unmodified 


stcirch . 

Primary  usage  of  the  thin-boiling  oxidized  starches  has  been  outside  the 
food  industries.  The  situation  may  change  for  it  is  said  (Evans  1958) 
that  products  of  this  type  have  recently  been  developed  which  are  tree 
from  flavor  problems  and  are  suitable  for  food  use.  Where  paste  stability 
and  clarity  are  desired,  as  in  some  types  of  pie  fillings,  they  are  compe  i- 
tive  with  modified  waxy  starches  or  mixtures  containing  them,  in  which 
the  desired  properties  are  attained  by  utilizing  the  naturally  ditieren 
structure  of  the  starch.  Many  factors  such  as  texture  and  string  n< 
pastes  need  to  be  considered  in  relation  to  specific  applications.  The 
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boiling  oxidized  starches  may  be  used  as  stabilizers  in  colloidal  systems 
because  of  their  high  paste  stability. 

Oxidation  of  starch  with  chlorine  or  quite  low  quantities  of  hypochlo¬ 
rite  can  result  in  enchancement  of  paste  viscosity  (Kerr  1950).  One  ex¬ 
planation  given  for  the  viscosity  increase,  at  least  in  some  instances,  is 
that  the  small  amount  of  hypochlorite  used  reacts  with  residual  sulfur 
dioxide  (left  in  the  starch  as  a  result  of  its  processing),  thus  preventing 


it  from  effecting  a  lowering  of  paste  viscosity.  However,  the  viscosity 
increase  may  be  due  to  the  establishment  of  some  type  of  cross-linking, 
the  nature  of  which  has  not  yet  been  established.  Use  of  such  a  thick¬ 
boiling  starch  provides  the  obvious  advantage  of  lowering  the  amount  of 
thickening  agent  required  for  a  given  application.  Granular  starch  treated 
in  aqueous  suspension  with  chlorine  results  in  a  product  with  up  to  five 
times  its  original  hot-paste  viscosity.  Careful  control  of  pi  I,  temperature, 
time,  and  reagent  concentration  can  give  products  having  differing  ranges 
of  hot  and  cold  paste  viscosity,  which  vary  somewhat  independently. 
This  variableness  is  important  in  securing  products  having  proper  flow 
characteristics  when  hot,  for  efficient  processing,  but  still  possessing  the 
desired  thickening  action  after  cooling.  Thick-boiling  oxidized  starches 
are  useful  in  canning  operations  because  of  higher  than  normal  resistance 
to  viscosity  breakdown.  They  are  also  used  in  the  preparation  of  soups, 
sauces,  and  other  food  products  in  which  high  thickening  power  is  de¬ 
sired.  The  products  are  said,  like  the  hypochlorite-oxidized  thin-boiling 
starches,  to  have  improved  paste  clarity. 

Oxidation  with  chlorine,  chlorite,  and  hypochlorite  salts  in  aqueous 
suspension  under  mild  conditions  has  also  been  used  to  improve  mobility 
of  starch  as  a  dry  powder,  to  render  it  bland  in  flavor,  and  to  increase  its 
water-absorption  capacity.  To  prevent  odor  development  on  aging  in 
starches  used  as  food  ingredients,  such  as  an  anticaking  agent  in  pow- 
dered  sugar  or  as  an  inert  filling  agent  in  baking  powder,  permanganate 
has  been  used  in  small  quantities  as  an  oxidant  in  aqueous  starch  sus¬ 
pensions.  The  oxidized  starch  is  dried  to  a  low  moisture  content  of  about 
five  per  cent  (Kerr  1936).  Incorporation  of  starch  in  baking  powder 
is  a  major  food  use  of  starch  and  is  unique  in  that  it  does  not  depend  upon 
the  paste  or  gel-forming  property.  Rather,  its  function  is  to  hold  moisture 
and  to  keep  the  active  ingredients  apart  and  from  prematurely  reacting 
with  one  another.  Oxidation  of  an  aqueous  starch  slurry  with  calcium 
peroxide  has  been  said  to  yield  a  product  with  lowered  hot-paste  viscosity 

S^),InrOV^.rlear’  Str°ng  ge'S  f°r  "se  in  uonfcc- 
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Derivatized  Starches.-Chemically,  starch  is  a  polyfunctional  alcohol. 
Its  hydroxyl  groups  can  be  converted  to  esters  and  ethers-chemical  deriv¬ 
atives  which  may  have  properties  quite  different  from  those  of  the  raw 
materials.  Complete  substitution  of  all  hydroxyl  groups  is  possible;  tri¬ 
esters  no  longer  have  the  typical  starch  property  of  forming  aqueous  col¬ 
loidal  solutions.  The  triesters  are  less  polar  than  the  original  starch  and 
are  soluble  in  organic  solvents  such  as  chlorinated  hydrocarbons.  Amyl- 
ose  and  amylopectin  triesters  are  quite  different  from  each  other  in  char¬ 
acteristics  and  potential  uses. 

Commercial  chemically  derivatized  starches  retain  the  original  granule 
form  and  contain  only  a  small  proportion  of  ester  or  ether  groupings.  One 
of  the  most  useful  groups  of  starches  chemically  modified  for  food  use  has 
been  that  cross-linked  by  employing  polyfunctional  reagents.  If  a  re¬ 
agent  contains  more  than  one  hydroxyl-reactive  grouping  per  molecule, 
one  end  can  react  with  one  starch  molecule  and  the  other  end  with  a  sec¬ 
ond  starch  chain.  These  cross-bonds  then  serve  as  “braces”  which  tend 
to  fix  the  network  of  macromolecules  rigidly  in  place  so  they  are  no  longer 
free  to  move.  Thus  starch  can  be  converted  by  aldehydes,  dibasic  acids, 
diisocyanates,  epichlorohydrin,  phosphorus  oxychloride  or  similar  re¬ 
agents  to  products  which  are  substantially  unaffected  in  boiling  water 
and  which  show  none  of  the  usual  paste  and  gel-forming  characteristics. 
Such  resistant  products  have  been  prepared  and  used  for  dusting  surgical 
gloves  but  generally  speaking  are  not  so  valuable  as  those  prepared  with 
carefully  chosen  intermediate  amounts  of  cross-linking  reagent. 

If  only  a  few  cross  bridges,  perhaps  as  little  as  1  per  100  to  500  anhydro- 
glucose  units,  are  introduced,  the  ties  prevent  the  starch  molecules  in 
the  granule  from  being  separated  as  rapidly  or  as  completely  as  in  the 
case  of  unmodified  starch.  An  “inhibited”  starch  results,  which  does  not 
gelatinize  so  easily  in  hot  water  and  is  less  affected  by  acids  and  alkalies. 
It  attains  its  maximum  viscosity  more  slowly  at  elevated  temperatures 
and  the  paste  viscosity  is  not  so  prone  to  break  down  on  prolonged  cook¬ 
ing.  A  lower  maximum  viscosity  may  be  achieved.  Such  modified 
starches  are  especially  useful  in  canning  and  other  processes  where  pro 
longed  cooking  or  agitation  may  be  involved.  They  are  also  useful  in 
foods,  like  salad  dressing,  which  contain  acetic  acid,  or  in  fruit  pie  fillings 
containing  natural  food  acids,  where  marked  resistance  to  viscosity  biea  - 
down  by  the  acid  is  needed.  Waxy  corn  and  sorghum  starches  especially 
are  improved  by  cross-linking,  because  their  pastes  are  prone  to  thin 
markedly  on  prolonged  cooking.  Waxy  cornstarch  cross-linked  by  phos¬ 
phorylation  gives  pastes  of  reduced  stringiness,  good  clarity  and  rec  ucec 
tendency  to  decrease  in  viscosity  on  prolonged  heating.  Evans  ( 
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has  published  a  partial  list  of  patents  revealing  reagents  and  processes  for 
preparing  cross-linked  starches. 

Hydroxyethyl  starches,  prepared  by  reaction  of  starch  with  ethylene 
oxide,  resemble  oxystarches  in  furnishing  pastes  of  reduced  gelling  tend¬ 
ency  and  improved  clarity.  Again  the  characteristics  presumably  result 
because  the  linear  fraction  is  so  modified  that  the  molecules  cannot  readily 
become  aligned.  As  little  as  one  grouping  for  every  10  or  20  chain  units 
is  quite  effective.  Hydroxyethylated  starches  currently  have  no  extensive 
use,  if  any,  in  foods  but  their  potentialities  for  edible  purposes  are  being 
assessed. 

Many  other  starch  derivatives  have  been  prepared  in  various  industrial, 
university,  and  government  laboratories.  These  include  partial  esters  of 
starch  and  also  starch  containing  charged  groupings.  Some  of  these 
starches  may  have  considerable  potential  for  the  food  industry,  but  as  yet 
they  have  achieved  little  or  no  actual  usage.  There  is  reluctance 
to  introduce  chemical  derivatives  for  food  uses  because  of  the  gener¬ 
ally  unfavorable  public  reaction  to  chemically  modified  materials  in 
foods. 

Variability  among  native  starches  in  the  clarity,  viscosity,  texture,  and 
stability  of  pastes  is  considerable  in  itself.  If  to  this  wide  range  are 
added  the  numerous  effects  that  can  be  achieved  by  varying  cooking  con¬ 
ditions,  and  the  changes  that  can  be  superimposed  on  any  one  of  these 
original  products  by  chemical  derivatization,  the  multitude  of  starches 
available  for  special  applications  is  not  surprising. 

Other  Chemical  Modifications.-Many  other  chemical  starch  modifica¬ 
tions  have  been  proposed.  Among  them  are  treatment  with  dilute  alkali 
to  reduce  piotein  and  enhance  paste  clarity,  and  organic  solvent  extrac¬ 
tion  to  purify  the  starch  by  lipid  removal.  These  have  achieved  less  prac¬ 
tical  importance  than  the  modifications  already  described. 

Other  Modified  Starches 


Modification  of  starch  occurs  during  breadmaking  as  a  result  of  the 
presence  of  granules  damaged  in  milling  which  thus  become  susceptible 
to  t  le  biochemical  activities  of  the  enzymes  present  in  the  dough.  The 
properties  of  starch  are  undoubtedly  affected  by  additives  in  the  dough 
such  as  oxidants  and  antistaling  agents.  These  changed  starch  proper- 
ties  may  be  reflected  in  the  characteristics  of  the  bread  produced 

tries  77  ?1C  1  ^  7dmed  enZymatical'y  ^  the  fermentation  indus- 
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CHAPTER  22 


R.  C.  A.  Bradshaw 


Flavor  Staling  Resulting  from 
Lipid  Deterioration 


INTRODUCTION 

The  phenomena  of  fat  oxidation  by  atmospheric  oxygen  ( autoxidation ) 
and  fat  splitting  by  lipolytic  enzymes  have  been  studied  extensively  for 
many  years.  Generally,  these  investigations  have  been  on  a  fundamental 
basis.  Only  recently  have  attempts  been  made  to  interpret  experimental 
findings  in  terms  of  such  natural  changes  as  paint  hardening,  the  mecha¬ 
nism  of  fat  absorption  by  the  living  animal,  and  deteriorative  changes  tak¬ 
ing  place  in  food. 

Once  the  transition  is  made  from  the  simple  system  of  the  in  vitro  ex¬ 
periment  to  the  complex  situation  occurring  in  nature,  a  multitude  of 
difficulties  beset  the  investigator.  He  is  confronted  with  a  series  of  en¬ 
zyme  systems  which  are  interrelated;  he  must  take  cognizance  of  the  daily 
fluctuations  of  temperature,  humidity  and,  in  some  cases,  light;  he  must 
remember  that  the  material  he  is  studying  is  not  an  isolated  system,  but 
one  which  is  open  to  attacks  by  mold,  bacteria,  yeasts,  and  higher  organ¬ 
isms  such  as  insects  and  rodents. 

This  chapter  is  devoted  to  a  consideration  of  the  lipids— one  component 
of  cereal  foods.  It  is  the  intention  to  review  briefly  the  fat  content  of 
cereals  and  cereal  foods  including  the  more  important  characteristics  of 
these  fats,  and  then  to  discuss  in  considerable  detail  some  of  the  changes 
which  take  place  in  the  fats.  Finally,  there  will  be  given  a  short  de¬ 
scription  of  the  measures  that  can  be  taken  to  minimize  some  of  these 
changes. 


CEREAL  LIPIDS 
Fatty  Acids  of  Cereal  Lipids 

At  this  point,  it  may  be  worthwhile  considering  in  some  detail  the 
cereal  lipids.  According  to  Hilditch  (1956)  the  most  important  fatty 
acids  to  be  found  in  grain  fats  are: 

Saturated: 


Palmitic  (n-Hexadecanoic)— CH3[CH2]u  •  COOH 
Stearic  (n-Octadecanoic)-CH3[CH..]i8  •  COOII 
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Unsaturated: 

Oleic  ( Octadec-9-enoic)— CHs[CH2]  CH:CH[CH2]  •  COOH 
Linoleic  ( Oetadeca-9,12-dienoic)- 
CH3[CH2hCH  •  CIICH2  •  CH:CH[CH2]4  •  COOH 
Linolenic  ( Octadeca-9, 12-15  trienoic)  — 

CH3  CH2  CH:CH  •  CII2- CH:CtI  CH2  CH:CH  [CH2]t  •  COOH 

The  make-up  of  the  cereal  grain  fats  is  then  as  indicated  in  Table  119. 
These  figures  show  that  linoleic  and  oleic  acids  constitute  well  over  two- 
thirds  of  the  fatty  acids  present  in  cereal  grains.  The  ratio  of  these  two 
fatty  acids  varies  considerably,  however. 

The  quantity  of  fat  to  be  found  in  cereal  products  is  shown  in  Table  120. 

Phosphatides 

During  the  last  decade,  a  second  type  of  lipid  component  has  received 
increasing  attention.  The  name  phosphatide  will  he  used  to  describe 
that  type  of  compound  in  which  the  esters  of  alcohols  with  fatty  acids  are 
attached  to  a  phosphoric  acid  residue.  Lecithin  (1),  cephalin  (II),  and 
phosphatidyl-serine  (III)  are  examples  of  such  compounds. 


O 

II 

CH.-O-C-R 
O 

II 

CH-O-C-R' 

O 

II 

CH* — O — P  + — O — CoH4 — N  +( CH3)3 

I 

OH 

I 


O 

II 

CH.O-C-R 
O 

II 

CHO-C-R' 

O 

CH.O— ] » +— O— CoH4NH3  + 
OH 

II 


O 


CH.O-C-R 

O 

II 

CHO-C-R' 

O 

cil-o-p-o-cil-cii-  COOH 

I  I 

OH  NIL 

III 


As  is  the  ease  with  glycerides,  an  infinite  number  of  compounds 
can  exist  theoretically,  each  one  differing  from  the  others  by  the  typ 
fatty  acids  found  in  the  formula.  In  practice,  however,  it  is  found  tna 
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Table  119 


Wheat  (germ) 
Corn  (germ) 

Oat  (germ) 
Barley  (seed) 
Rye 
Rice 


the  component  fatty  acids  of  cereal  grain  fats 


Palmitic 


11  .8 
10.2 

10.0 

9.0 


Stearic 

Oleic  Linoleic 

(Per  cent  by  Weight) 

Linolenic 

3.0 

39.0 

30.0 

6.0 

3.0 

49.6 

34.3 

59.0 

31  .0 

3.0 

33.0 

54.0 

0.5 

0 

18.0 

61.0 

0 

52.0 

35.0 

1  C54  saturated. 

J  C14  saturated. 

8  Cie  unsaturated. 


Other 


0 . 31 * 
1  . 4 2 
1  . 53 


Table  120 

THE  FAT  CONTENT  OF  CEREAL  PRODUCTS1  _ _ 

Per  cent 
by  Weight 


Wheat  flour  (12  per  cent  moisture) 
Hard  wheat  80  per  cent  extraction 
Hard  wheat  straight 
Soft  wheat  straight 
Self  rising 

Patent  all  purpose  flour 

Bread  flour 

Cake  or  pastry  flour 


Corn  flour  (12  per  cent  moisture)  2.6 

Corn  meal  (12  per  cent  moisture)  white  or  yellow 

Whole  grained  unbolted  (12  per  cent  moisture)  3.9 

Whole  grained  bolted  (12  per  cent  moisture)  3.4 

Degerminated  dry  (12  per  cent  moisture)  1  .2 

Self-rising  dry  (12  per  cent  moisture)  3.7 

Oatmeal  or  rolled  oats  (8.3  per  cent  moisture)  7.4 

Barley  pearled,  light,  dry  (11.1  per  cent  moisture)  1  .0 

Buckwheat  flour  (12  per  cent  moisture) 

Light  1  . 2 

Dark  2 . 5 

Rice  milled  (12.3  per  cent  moisture)  0.3 

Rye  flour  (11  per  cent  moisture) 

Light  1  . 0 

Medium  1  7 

Dark  2 . 6 


1  Anon.  (1950). 


the  fatty  acids  of  the  phosphatides  bear  a  close  similarity  to  the  fatty 
acids  of  the  glycerides  found  in  the  same  organism  (plant  or  animal)  ex¬ 
cept  that  the  phosphatide  fatty  acids  tend  to  be  more  unsaturated.  I11 
soya  bean,  which  is  the  most  important  commercial  source  of  lecithin, 

unsaturated  fatty  acids  make  up  some  70  per  cent  of  the  total  weight  of 
fatty  acids. 

Witcoff  (1951)  gives  figures  quoted  in  Table  121  for  the  phosphatide 
content  of  various  oils  from  cereal  grains  and  oil  seeds. 
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Table  121 

THE  PHOSPHATIDE  CONTENT  OF  VARIOUS  OILS 


Per  cent 
Phosphatides 


Barley 

3. 4-4. 2 

Soy  bean 

1.8 

Rye  germ 

1  .3 

Oat 

1  .0 

Rice 

0.5 

Linseed 

0.3 

Millet 

0.2 

Rapeseed 

0.1 

Sesame  seed 

0.1 

Wheat  germ 

0.08-2.0 

Cacao 

0.01 

Phosphatidyl-amino  ethyl  alcohol,  lecithin,  cephalin,  and  phosphatidic 
acids  have  been  reported  as  present  in  wheat  phosphatides  and  the  distri¬ 
bution  of  this  type  of  lipid  is  0.6  per  cent  in  the  whole  grain,  1.6  per  cent  in 
the  bran,  up  to  1.4  per  cent  in  the  flour,  1.8  per  cent  in  the  grits  or  mid¬ 
dlings,  1.3  per  cent  in  the  germ,  and  8.5  per  cent  to  11.1  per  cent  in  the 
gluten.  Witcoff  reports  that  stearic  and  palmitic  acids  were  found  to  be 
the  predominant  saturated  fatty  acids  in  wheat  phosphatides  and  that 
linolenic  acid  with  a  small  amount  of  oleic  acid  were  the  chief  unsaturated 
acids. 

In  the  case  of  corn,  expressed  oil  is  reported  to  contain  0.04  per  cent 
phosphatides,  whereas  extracted  oil  can  contain  up  to  0.5  per  cent  phos¬ 
phatide.  Investigations  as  to  the  type  of  phosphatides  present  are  still  in 
the  early  stages,  but  lecithin  and  phosphatidyl-amino  ethyl  alcohol  have 
been  recognized  and  a  phosphatide  containing  inositol  has  been  reported 
(Witcoff  1951). 

The  fatty  acids  of  corn  phosphatides  have  not  been  completely  isolated, 
but  at  the  present  time  palmitic  acid  is  recognized  as  the  chief  saturated 
acid  and  linoleic  and  linolenic  are  the  most  important  unsaturated  acids. 

Rye  germ  is  reported  to  have  a  phosphatide  content  of  2.4  per  cent, 
barley  0.16  per  cent,  and  oats  0.14  per  cent.  In  general,  palmitic  and 
stearic  acids  are  the  most  important  saturated  acids  and  linoleic  and  lino¬ 
lenic  the  unsaturated  acids  present  in  greatest  quantity. 


MIXTURE  OF  FATS  AND  CEREALS 

In  addition  to  the  lipids  naturally  occurring  in  cereals,  it  is  customary 
to  have  present  in  prepared  mixes,  breakfast  cereals,  etc.,  fats  w  ic  ^ 
been  added  to  the  food  for  some  specific  purpose,  such  as  color  and  flavor 
enhancement,  or  texture  improvement.  Depending  upon  the  type 
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Table  122 


THE  COMPONENT  FATTY  ACIDS  OF  ANIMAL  AND  VEGETABLE  FA  I  S 


Palmitic 


Stearic  Oleic  Linoleic 

(Per  cent  by  Weight) 


Corn 

10.2 

Cottonseed 

27.0 

Soya1 

13.0 

Peanut 

20.0 

Hog1 

30.0 

49.6 

19.0 

10.0-59.0 

50.0 


^4.3 

54.0 

29.0-66.0 

27.0 

70.0 


>  Average  of  several  samples. 


Linolenic 


1 .0-10.0 


Table  123 


FAT  CONTENT  OF  SOME  BREAKFAST  CEREALS  AND  PREPARED  MIXES 


Moisture  (Per  cent) 

Fat  (Per  cent) 

Bran 

2.6 

3.4 

Corn  flakes 

3.6 

0.4 

Rice  flakes 

3.5 

0.6 

Puffed  rice 

3.5 

0.6 

Puffed  wheat 

3.8 

1  .6 

Oats,  rolled 

8.3 

7.4 

Layer  cake  mix 

4.0 

15.0 

Pie  crust  mix 

4.0 

30.0 

Crackers 

Graham 

5.5 

10.0 

Saltines 

4.6 

11.8 

Soda,  plain 

5.7 

9.6 

Cookies 

4.8 

12.7 

Pancake  mix 

10.4 

1  .4 

Corn  meal  (self  rising) 

12.0 

3.7 

food,  the  added  fat  will  lie  of  animal  or  of  vegetable  origin,  be  stabilized 
or  unstabilized,  emulsified,  hydrogenated,  liquid,  or  solid. 

The  most  popular  vegetable  oils  for  use  in  mixes  are  corn,  soya,  cotton¬ 
seed,  and  peanut,  although  vegetable  oils  from  other  sources  may  be  used 
for  specific  purposes.  Animal  fats  are  beef  or  pork  fats — lard  being  unique 
among  fats  for  the  excellence  of  its  shortening  properties.  Generally  the 
blend  of  the  lard  will  change  from  time  to  time  depending  on  the  season 
of  the  year  and  the  state  of  the  market,  but  although  the  proportion  of 
“killing  fat”  to  “cutting  fat”  will  alter,  the  meat  packer  will  make  every 
endeavor  to  provide  a  material  with  uniform  physical  properties.  Re¬ 
cently,  there  has  been  a  development  in  fat  technology  which  has  given 
rise  to  animal-vegetable  fat  blends  and  also  a  new  process  has  been  intro¬ 
duced  in  which,  by  the  use  of  catalysts,  the  fat  is  “re-arranged,”  i.e.,  liy- 
diolyzed  to  glycerol  and  fatty  acids  and  then  re-esterified.  In  this  wav 
it  is  possible  to  obtain  an  even  distribution  of  the  fatty  acids  with  the  re¬ 
sults  that  the  physical  properties  of  the  fat  are  modified 

The  major  component  fatty  acids  of  bakery  fats  are  shown  in  Table  122. 
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In  the  final  product,  then,  the  fat  content  is  made  up  of  the  lipids  oc¬ 
curring  naturally  in  the  fat  plus  the  fat  or  shortening  added  as  an  ingredi¬ 
ent  to  the  mix.  The  fat  contents  of  some  typical  foods  are  given  in  Table 
123. 


ENZYMES  ACTING  ON  LIPIDS 

Lipases 

Having  duly  considered  the  lipid  reactants,  or  substrate,  it  is  pertinent 
to  mention  other  components  which  are  brought  to  the  reaction  system  by 
the  cereal  ingredients.  Perhaps  the  most  important  of  these  are  the  lip¬ 
ases  and  the  lipoxidases,  although  other  enzymes  such  as  catalase,  peroxi¬ 
dase,  cytochrome  oxidase,  and  a  tyrosinase  have  been  reported  ( Sullivan 
1946).  The  function  of  the  lipase  and  lipoxidase  enzymes  will  be  dis- 
cused  in  more  detail  subsequently.  At  the  moment  we  are  more  con¬ 
cerned  with  the  origin  of  these  materials. 

In  the  case  of  oats,  it  is  claimed  that  the  lipolytic  activity  may  be  re¬ 
moved  by  a  wet  deh idling  process  (Bradshaw  1952).  A  second  authority 
claims  that  the  activity  is  located  in  the  region  of  the  oat  pericarp  above 
the  testa  and  not  in  the  aleurone  layer  (Hutchinson  et  al.  1951). 

In  contrast,  Sullivan  (1946)  in  reviewing  the  subject  of  lipase  activity 
in  wheat,  points  out  that  the  clear  and  low  grade  flours  have  a  greater 
activity  than  patent  flours,  germ,  or  bran,  and  that  the  lipases  are  present 
in  the  greatest  concentration  in  the  scutellum  and  aleurone  layers.  Rather 
unexpectedly,  the  germ  is  not  the  source  of  greatest  lipase  activity. 

The  source  of  the  lipase  in  corn  is  difficult  to  establish.  It  is  popularly 
supposed  that  the  highest  concentration  is  to  be  found  in  the  germ,  but 
there  seems  to  be  a  dearth  of  scientific  support  for  this  belief. 


Lipoxidases 

Turning  now  to  lipoxidase,  the  enzyme  which  enters  into  fat  oxidation 
reactions,  very  little  information  is  available  on  cereals  in  geneial.  Most 
published  data  concerns  soya  bean  meal,  although  Sullivan,  in  her  re 
view  (1946)  mentions  that  the  enzyme  has  been  reported  in  wheat  germ 
with  an  activity  of  810  units  which  compares  with  an  activity  of  35,000 
units  for  soybean  meal.  In  spite  of  this  lower  activity,  however  the  en¬ 
zyme  may  well  become  an  important  factor  in  storage  stability  of  cerea  s 
and  cereal  mixes  since  the  average  storage  life  of  such  materials  may  ex¬ 
tend  to  between  six  months  and  a  year.  In  this  time  there  would  seem 
to  be  adequate  opportunity  for  even  an  enzyme  of  relatively  low  ac  iv  y 

to  produce  noticeable  effects. 
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THE  DETERIORATIVE  REACTIONS 
Types  of  Reactions 

For  purposes  of  the  present  discussion,  it  may  be  assumed  that  lipid 
deterioration  in  cereal  products  is  due  to  one  or  both  of  two  types  of  re¬ 
actions,  namely  oxidation  and  fat  hydrolysis.  These  two  reactions  are  the 
basic  cause  of  many  types  of  deterioration  including  loss  of  flavor,  color, 
development  of  off-odors,  and  even  (with  prepared  mixes  and  bread) 
changes  in  volume  and  texture  of  the  baked  product. 

The  following  discussion  will  deal  first  with  the  process  of  fat  oxidation 
and  then  with  that  of  fat  hydrolysis.  The  various  factors  such  as  heat, 
light,  and  moisture  will  be  mentioned  in  relation  to  these  reactions  and 
the  role  of  enzymes  also  will  be  dealt  with. 

Fat  Oxidation  Mechanisms.— Turning  first  to  fat  oxidation,  much  work 
has  been  done  in  an  attempt  to  discover  the  mechanisms  involved.  Lipid 
deterioration  in  foods  generally  involves  autoxidation,  i.e.,  fat  oxidation 
of  unsaturated  fatty  acids  by  atmospheric  oxygen,  giving  rise  to  such  end 
products  as  aldehydes,  ketones,  and  saturated  fatty  acids.  These  are 
often  odoriferous  compounds  and  may  in  turn  react  with  other  com¬ 
ponents  in  the  food,  and  so  increase  the  spoilage. 

While  it  is  by  no  means  easy  to  identify  all  the  reaction  products  of  fat 
autoxidation,  the  task  of  determining  the  mechanism  for  this  process  is 
even  more  difficult.  The  main  debate  centers  around  the  intermediate 
compounds  formed  and  currently  three  reactions  have  been  suggested 
(Markley  1947).  The  first  would  require  the  formation  of  ethylene  ox¬ 
ide  at  the  site  of  the  double  bond: 


H  H 

C  =  C 


H 

I 

-C 


H 

I 

C- 


cr 

A  second  hypothesis  requires  the  formation  of  cyclic  peroxide: 

CH - CH— 

I  | 

o - o 

and  a  third,  tire  hydroperoxide  theory,  suggests  that  this  type  of  com- 
pound  is  an  intermediary  in  the  reaction: 

CHa  ■  CH  =  CH-  — f-02- - >  — CII  ( OOH )— C=CH— 

The  latter  theory,  developed  by  Farmer  and  his  associates,  goes  on  to  sug¬ 
gest  that  the  hydroperoxide  then  enters  into  secondary  reactions  with 
more  unsaturated  tat  g.ving  rise  to  epoxides  and  products  containing  hy- 
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droxyl  groups.  It  is  suggested  that  chain  breaking  may  occur  and  that 
polymerization  may  take  place.  In  the  presence  of  iron  salts,  unsaturated 
ketones  may  be  formed  and  if  alkalies  are  present,  the  double  bonds 
may  be  eliminated  successively  and  hydrogen  peroxide  liberated.  Far¬ 
mer’s  theory  has  received  considerable  support  due  to  the  fact  that  it  was 
found  possible  to  isolate  a  peroxidized  methyl  oleate  containing  two 
atoms  of  oxygen  and  one  double  bond. 


Measures  of  Fat  Oxidation.— Whichever  mechanism  is  responsible  for 
the  autoxidation  of  fats,  several  tests  have  been  developed  to  measure 
the  quantity  of  fat  oxidation  products  that  result.  Perhaps  the  best 
known  is  Lea’s  Peroxide  Test  (Markley  1947)  in  which,  under  standard 
conditions,  iodine  is  liberated  from  potassium  iodide  by  fat  peroxides  and 
the  amount  of  iodine  so  liberated  is  determined  by  a  back  titration  against 
sodium  thiosulfate  with  starch  as  an  indicator.  In  the  Swift  Stability 
Test,  the  Lea  test  is  used  to  measure  the  extent  of  peroxide  formation  in 
a  fat  maintained  at  a  high  temperature  and  aerated  under  standard  con¬ 
ditions.  If  the  quantity  of  peroxide  is  plotted  against  heating  time  it  is 
found  that  the  curve  obtained  moves  slowly  away  from  the  time  axis  un¬ 
til  a  point  of  inflection  is  reached  when  it  rises  steeply  in  the  direction  of 
higher  peroxide  formation.  The  length  of  heating  time  necessary  to  reach 
the  point  of  inflection  in  the  curve  is  a  measure  of  the  stability  of  the  sam¬ 
ple  fat.  Such  a  test  is  currently  used  as  a  means  of  specifying  a  fat  and 
generally  100  hours  of  heating  is  the  minimum  requirement  for  all  vege¬ 


table  fats. 

Recently  a  third  test  has  been  devised,  called  the  thiobarbituric  acid 
test  (Caldwell  and  Grogg  1955),  which  depends  upon  the  development 
of  a  red  color  between  thiobarbituric  acid  and  lipid  oxidation  products. 
The  optical  density  of  the  complex,  read  at  532  m^,  is  proportional  to  the 


degree  of  oxidation  of  the  fat. 

Factors  Affecting  the  Rate  of  Fat  Oxidation.-As  already  indicated,  a 
discussion  of  the  factors  affecting  the  development  of  rancidity  in  fats  is 
necessarily  an  over-simplification  in  that  each  factor  must  be  reviewed 
separately.  In  practice,  however,  each  factor  does  not  have  an  indepen  - 
ent  role,  but  exerts  its  influence  in  conjunction  with  many  others. 

It  is  a  relatively  easy  matter  to  establish  a  relationship  between  the  rate 
of  oxidation  of  a  fat  exposed  to  ait  or  oxygen,  and  the  temperature  at 
which  the  fat  is  maintained.  As  is  customary  with  most  chemical  reac¬ 
tions,  the  higher  the  temperature,  the  more  quickly  wdl  fat  ™ 
purified  methyl  oleate,  for  example,  it  is  reported  Bailey  1951)  that  be 
low  MOT.  the  rate  of  oxidation  is  doubled  for  each  increase  in  emp 
tore  of  81T.  Above  MOT.  the  rate  is  doubled  for  each 

temperature.  Other  workers  report  a  doubling  interval  of  16  to  -0  ■ 
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To  relate  this  result  to  a  more  practical  situation  can  be  a  matter  of  some 
difficulty.  Suppose  the  experiment  be  carried  out  on  a  mix  containing 
fat  and  flour,  then  as  the  temperature  increases,  not  only  does  the  rate  of 
oxidation  of  the  fat  increase,  but  due  to  seepage  and  soaking  up  of  the 
fat  on  the  flour  particles,  the  surface  area  of  the  fat  is  also  increased. 
This,  in  turn,  gives  additional  opportunity  for  the  fat  oxidation  to  take 
place.  Should  the  fat-flour  mix  be  contained  in  some  fiberboard  con¬ 
tainer,  the  fat  will  “wick  up  the  sides  of  the  packet.  Again  the  surface 
area  of  the  fat  is  increased  with  the  result  that  fat  oxidation  is  promoted. 

The  moisture  of  the  material  with  which  the  fat  is  mixed  may  also  exert 
an  influence  on  the  fat  oxidation.  It  is  claimed  that  moisture  has  a  sta¬ 
bilizing  influence  on  fats  in  cereals  and  in  crackers  (Triebold  1945).  As 
will  be  seen  later,  this  is  in  contrast  to  the  effect  of  moisture  on  fat  hy¬ 
drolysis. 

Light  has  an  adverse  effect  on  fat  stability.  Particularly  is  this  true  of 
ultraviolet  light  where  the  presence  of  ozone  produced  by  the  ultraviolet 
light  might  further  speed  fat  oxidation.  It  has  been  found  that  deteriora¬ 
tion  of  foods  containing  high  quantities  of  fat  may  be  minimized  by  pack¬ 
aging  in  opaque  containers  or  by  covering  with  translucent  material  col¬ 
ored  to  exclude  light  of  the  shorter  wave  lengths. 

Perhaps  some  of  the  most  powerful  promoters  of  fat  oxidation  are 
metals,  particularly  the  heavy  metals.  Bailey  ( 1951 )  reports  that  the  sta¬ 
bility  of  lard  at  208  F.  may  be  reduced  to  one  half  of  the  normal  value 
by  the  following  concentration  of  metals  in  parts  per  million: 


Copper  . 
Manganese 
Iron  .  . 
Chromium 
Nickel 
Vanadium 
Zinc  .  .  . 
Aluminum 


0.05 

0.60 

0.60 

1.20 

2.20 

3.00 

19.60 

50.00 


When  it  is  remembered  that  traces  of  metals,  such  as  copper,  manganese 
and  iron  are  to  be  found  in  cereal  products,  wrapping  materials  and  en¬ 
richment  ingredients,  it  is  not  surprising  that  the  oxidation  of  fats  is  a 
common  problem  in  the  food  industry. 

Exerting  an  influence  in  the  opposite  direction  are  those  trace  compo- 
nents  o  he  found  in  cereals  and  other  mix  ingredients  which  help  to  sta- 

ueTo  be  f  a'S'  1  anti0.Xjdan‘  materials  incl“de  the  tocopherol  which 
are  to  be  found  in  vegetable  oils.  Tocopherols,  like  synthetic  antioxi 

nts,  can  form  synergistic  mixtures  with  such  materials  as  citric  acid 
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and  phosphoric  acid  and  then  exert  a  powerful  retarding  effect  on  fat  ox¬ 
idation.  Although  the  subject  of  antioxidants  will  be  discussed  in  the 
third  part  of  this  chapter,  it  is  worth  mentioning  that  the  mechanism  of 
action  of  the  materials  is  thought  to  be  that  of  an  absorber  for  the  energy 
necessary  to  promote  a  chain  reaction.  The  chain  reaction  is  thus  inter¬ 
rupted  and  the  oxidation  of  the  fat  slowed  down.  During  the  process  of 
acting  as  an  energy  absorber,  the  antioxidant  is  itself  oxidized. 

Fat  oxidation  may  be  promoted  by  enzymes  such  as  lipoxidase.  This 
enzyme  is  thought  to  be  involved  in  the  natural  aging  that  takes  place  in 
wheat  flour  on  storage.  Lipoxidase  acts  on  unsaturated  fats  and  upon  the 
earotene  in  the  cereal  products.  It  has  been  reported  that  oxygen  uptake 
with  lipoxidase  from  durum  semolina  is  a  two-phase  reaction  ( Irvine  and 
Anderson  1953),  with  the  initial  rate  following  the  classical  Michaelis  ki¬ 
netics  with  a  Km  of  5  x  10  6  at  a  pH  of  6.5  and  a  temperature  of  86  F. 
The  activation  energy  is  6,500  calories  between  50  and  86  F.  A  routine 
manometric  assay  method  has  been  worked  out  for  measuring  lipoxidase 
activity. 

In  a  prepared  mix,  other  ingredients  are  thought  to  have  a  significant 
effect  on  fat  oxidation.  Besides  the  antioxidants  which  occur  naturally  in 
the  flour,  and  the  moisture  present,  such  materials  as  salt  may  signifi¬ 
cantly  reduce  the  stability  of  the  product  (Lindemann  1953).  4  his  is 

particularly  true  in  such  materials  as  breakfast  cereals.  Sugar,  on  the 
other  hand,  is  reported  to  have  a  mildly  antioxidant  effect. 

Results  of  Fat  Oxidation.-It  has  already  been  stated  that  the  products 
of  fat  oxidation  are  often  odoriferous,  and  many  reports  in  the  literature 


pinpoint  fat  oxidation  as  being  responsible  for  many  of  the  off-tastes,  par¬ 
ticularly  bitter  tastes,  which  develop  in  foods  on  storage.  Fat  oxidation 
products  can  change  the  color  of  foodstuffs,  darkening  or  bleaching  them, 
depending  upon  the  material.  The  nutritive  value  of  the  food  can  also  be 
affected  seriously  by  the  sam«  agents.  Thus,  it  has  been  reported  (Lind¬ 
emann  1953)  that  autoxidation  and  polymerization  of  fats  in  stored  dried 
sorghum  germ  results  in  bleached  fats  of  reduced  iodine  number.  This 
is  said  not  to  occur  with  corn.  In  oats,  poly-unsaturated  fatty  acids  aie 
said  to  produce  bitter  flavors  on  oxidation.  Partial  polymerization  o 
these  acids  also  takes  place  (Rothe  1953).  In  a  more  detailed  study  of 
the  reaction  (Rothe  1954),  it  is  suggested  that  naturally  occurring  anti¬ 
oxidants  react  with  fat  peroxides.  In  this  reaction  the  peroxide  oxygen 
is  transferred  to  the  antioxidant  and  the  fat  is  said  to  polymerize  o  a 
ter  substance.  It  is  admitted  that  the  function  of  peroxidase  and  hpoi 
dase  in  this  reaction  has  not  been  established.  In  a  third  study  (Thomas 
and  Rothe  1954)  of  the  problem  of  the  role  of  lipase  perox.dase  ant \  h  - 
oxidase  bacteria  in  the  development  of  fritter  flavors  m  cereals,  b. 
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been  established  that  only  lipoxidase  could  be  associated  with  flavor 
change. 

With  regard  to  the  change  in  nutritive  value  of  foods  containing  oxi¬ 
dized  fats,  the  decoloration  of  carotene  has  already  been  discussed.  The 
stability  of  vitamin  A  is  open  to  question  and  vitamin  E  may  be  regarded 
as  a  naturally  occurring  antioxidant  and  therefore  one  of  the  first  com¬ 
ponents  of  the  food  to  be  affected  by  the  oxidized  fats.  The  amino  acid 
lysine  is  particularly  susceptible  to  the  presence  of  aldehyde  groups,  so 
that  if  the  end  products  of  fat  oxidation  gave  rise  to  a  significant  quantity 
of  aldehydes  and  ketones  it  is  reasonable  to  suppose  that  the  lysine  con¬ 
tent  of  the  food  will  suffer. 

In  summary,  it  should  be  stated  that  the  stability  of  a  cereal  or  animal 
fat  is  not  necessarily  closely  correlated  with  the  stability  of  the  final  foods 
of  which  the  cereal  or  shortening  is  a  component.  Storage  tests  on  the 
finished  product  are  necessary  if  a  true  measure  of  shelf  life  is  to  be  ob¬ 
tained. 


Mechanisms  of  Fat  Hydrolysis 


Considering  now  the  hydrolysis  of  fat,  this  reaction  can  take  place  in 
the  presence  of  moisture  and  enzymes  with  the  result  that  the  triglyceride 
is  converted  into  glycerol  and  free  fatty  acids: 


H 

H-C-OOCR, 

I 

H-C-OOCIb 

H-C-OOCR., 


II 
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H-C-OH 
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hat  splitting  with  moisture  is  employed  by  shortening  manufacturers  as 
a  means  of  rearranging  the  distribution  of  fatty  acids  in  a  fat.  The  proc¬ 
ess  requires  the  use  of  an  excess  of  water  or  steam,  high  temperatures  and 
pressures  and  often  a  catalyst. 


The  present  discussion  is  more  concerned  with  the  splitting  of  glvcer 
ides  in  the  presence  of  lipolytic  enzymes.  It  is  thought  that  the  break¬ 
down  of  the  glyceride  is  a  step  wise  process  so  that  first  the  diglyceride  i< 
formed  and  then  the  monoglyceride.  Finally,  the  fat  is  completely  hv 
drolyzed  into  glycerol  and  fatty  acids.  ' 

Lipases.— Although  lipases  are  classed  as  non-specific  esterases,  it  ha 
>ecn  found  that  the  speed  of  the  reaction  is  affected  by  the  molecular  con 
guia  mu  of  the  substrate.  In  studies  on  pancreatic  lipase  the  velocih 
of  hydrolysis  in  a  series  of  saturated  fatty  acids  C  to  C  R.lc  u  r 

to  decrease  with  increased  molecular  weight  (Ono  1940).  This  relatfim 
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ship  has  not  been  found  to  hold  with  unsaturated  fatty  acids  in  the  series 
Cio  to  C22  although  at  lower  temperatures  the  velocity  does  seem  to  de¬ 
pend  upon  the  number  of  double  bonds.  The  effect  of  molecular  con¬ 
figuration  on  water  solubility  must  not  be  ruled  out  of  these  considera¬ 
tions.  In  a  somewhat  parallel  situation  it  has  been  found  that  when  at¬ 
tempts  aie  made  to  measure  lipase  activity  of  cereal  enzymes,  lower 
amounts  of  cleavage  are  obtained  when  higher  glycerides  such  as  tri- 
palmitin,  tristearin  and  extracted  wheat  oil  are  used  than  when  lower 
glycerides  are  employed  as  the  substrate  ( Sullivan  1946. ) 

The  degree  of  dispersion  of  the  substrate  is  also  an  important  factor. 
For  this  reason,  and  as  will  appear  later,  some  methods  for  measuring 
lipase  activity  call  for  the  use  of  finely  dispersed  emulsions  of  fat. 

In  common  with  all  enzyme  reactions,  the  rate  of  lipolysis  of  fat  is 
strongly  influenced  by  temperature.  The  optimum  temperature  has  been 
reported  as  100  F.  Below  32°F.  the  activity  of  wheat  germ  lipase  is  in¬ 
hibited  (Singer  and  Hofstee  1948;  Kilhl  1940). 

When  measuring  lipase  activity  of  enzymes  from  different  sources  and 
for  in  vitro  experiments  in  general,  great  care  is  taken  to  control  the  pH  of 
the  system.  The  true  implication  of  this  work,  when  applied  to  actual 
foodstuffs,  is  difficult  to  determine  because  in  such  a  product  as  a  pre¬ 
pared  mix,  pH  is  a  local  factor  and  can  vary  widely  throughout  the  prod¬ 
uct.  For  experimental  work  a  pH  within  the  range  7.5  to  10  is  usually 
employed. 

The  effect  of  moisture  on  in  vitro  systems  is  not  important;  whereas,  in 
the  case  of  cereals  and  foodstuffs,  moisture  is  often  of  the  utmost  conse¬ 


quence.  This  point  will  be  taken  up  again  later  on  in  the  discussion. 

Measures  of  Lipase  Activity.— Many  methods  have  been  devised  for 
measuring  lipase  activity  of  enzymes  from  a  variety  of  sources.  In  re¬ 
search  on  cereals  and  legumes,  lipase  has  received  the  most  attention; 
whereas,  in  the  medical  field,  pancreatic  lipase  was  the  object  of  initial 
interest  in  this  area. 

The  original  and  standard  method  for  assaying  lipase  was  to  allow  the 
enzyme  to  react  upon  a  standard  oil  substrate  under  standard  conditions 
of  time,  temperature  and  pH.  The  fatty  acids  hydrolyzed  from  the  fat 
were  extracted  from  the  reaction  mixture  using  a  solvent,  and  then  ti¬ 
trated  with  alcoholic  potash  using  phenolphthalein  as  an  indicator.  This 
method  although  simple  in  theory,  was  often  difficult  to  carry  out  in  prac¬ 
tice  if  meaningful  results  were  to  be  obtained.  The  purity  of  the  sub¬ 
strate  was  critical,  and  the  efficiency  of  the  extraction  process  for  the 
fatty  acids  limited  the  accuracy  of  the  determination.  The  rate  at  which 
the  liberated  acids  changed  the  pH  of  the  system  was  important  and  a 
satisfactory  and  reproducible  titration  end-point  was  difficult  to  obtain. 
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Many  other  procedures  have  been  devised  for  measuring  ^lipase  activ¬ 
ity,  but  space  permits  few  to  be  mentioned.  Koch  et  al  ( 1954)  have  de¬ 
scribed  a  variation  of  the  standard  method  using  an  electrometric  titration 
procedure.  The  free  fatty  acids  liberated  from  an  emulsified  reaction 
mixture  buffered  at  pH  7.9  and  held  at  97°F.  are  determined  by  titration 
against  standard  alkali  at  2-  to  3-minute  intervals.  Koch  found  that  the 
activity  followed  a  zero-order  reaction  curve  for  reaction  times  between 
10  and  60  minutes. 

A  manometric  method  has  also  been  used  for  measuring  wheat  germ 
lipase  activity  (Singer  and  Hofstee  1948).  A  Warburg  apparatus  is  em¬ 
ployed,  and  the  liberated  fatty  acids  are  allowed  to  react  with  sodium 
carbonate  to  produce  carbon  dioxide. 

Hutchinson  and  Martin  (1952)  have  described  a  method  of  measuring 
the  lipolytic  activities  of  cereal  flours  by  incubating  a  mixture  of  the 
flour,  water  and  olive  oil  under  standard  conditions,  separating  off  the 
fatty  acids  and  then  measuring  them  in  a  routine  manner.  As  a  result  of 
this  work  they  suggested  that  any  cereal  flour,  particularly  oatmeal,  which 
can  hydrolyze  1.6  per  cent  of  the  olive  oil  in  six  hours  should  be  regarded 
as  undesirable. 


A  stalagmometric  method  depending  on  changes  in  oil  surface  tension 
has  been  described  as  a  lipase  assay  procedure  (Krijgsman  1928).  A 
further  physical  method  uses  the  Tyndall  effect  (Herzfeld  1934). 

Recently  Luchsinger  et  al.  ( 1955 )  have  made  a  fresh  approach  to  the 
problem.  Instead  of  measuring  the  amount  of  free  fatty  acids  produced, 
these  workers  determined  the  quantity  of  glycerol  released  from  a 
mono-olein  emulsion  at  pH  /A  and  at  86  F.  Using  periodate  cleavage, 
the  glycerol  was  converted  to  formaldehyde  which  was  reacted  with  chro- 
motiopic  acid  to  give  a  colored  complex.  The  absorption  of  this  complex 
was  measured  at  a  wave  length  of  570  m/*. 

Practical  Importance  of  Fat  Hydrolysis.-Having  discussed  briefly  the 
more  theoretical  aspects  of  fat  cleavage,  it  is  interesting  to  examine  the 

net  effects  which  such  a  reaction  may  have  on  food  stability  and  food  ac¬ 
ceptance. 

In  the  case  of  wheat  flour  it  has  been  reported  that  the  maturing  that  oc¬ 
curs  is  connected  with  the  production  of  fatty  acids  from  the  lipid  fraction 
(  fats  and  phosphatides )  by  the  action  of  lipases  (Dorner  1952).  Other 
c  langes  m  tl.e  protein  fraction  do  occur,  however,  which  are  not  corre¬ 
lated  with  fat  cleavage  During  the  maturing  process,  the  color  of  the 
flour  is  improved  probably  due  to  oxidation  of  the  color  pigments  It  has 
urther  been  suggested  (Mecham  and  Pence  1957)  that  to  be  effective  in 
improving  the  baking  quality  of  flour,  the  fatty  acids  liberated  7 
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leaction  of  flour,  fat,  phosphatides,  and  protein  which  is  affected  by  fat 
cleavage  and  oxidation.  It  is  interesting  to  note  that  there  is  some  evi¬ 
dence  (Anon.  1950A )  that  changes  taking  place  in  wheat  grain  during 
storage  do  not  parallel  the  changes  occurring  in  wheat  flour.  In  fact,  it 
has  been  suggested  that  in  the  whole  grain  the  lipases  may  synthesize  fat 
rather  than  break  it  down.  It  has  been  reported  that  fatty  acids  have  an 
effect  on  starch  and  wheat  flour  pastes  as  measured  by  the  amylograph. 
The  effect  was  modified  by  the  quantity  of  fatty  acid  present  and  the 
length  of  the  fatty  acid  chain  ( Mitchell  and  Zillmann  1951 ) .  Those  re¬ 
sults  may  presumably  be  interpreted  as  a  partial  explanation  for  the  effect 
of  fatty  acids  on  the  baking  quality  of  flour.  For  a  more  detailed  study 
of  this  field,  Smith  et  al.  ( 1957)  have  reported  that  the  oxidation  of  poly¬ 
unsaturated  fatty  acids  in  flour  doughs  runs  counter  to  the  effect  of  sul¬ 
fur  dioxide  and  sodium  bisulfite  on  the  mixing  properties  of  doughs.  The 
amount  of  oxygen  used  by  the  doughs  is  small  in  the  absence  of  fatty 
acids,  but  even  so,  this  has  a  marked  effect  on  the  physical  properties  and 
upon  the  dough  sulfhydryl  groups,  but  the  two  effects  are  not  correlated 
with  each  other. 

In  an  interesting  study  on  the  factors  affecting  wheat  flour  stability, 
Cuendet  et  al.  ( 1954 )  stored  various  grades  of  white  and  whole  wheat 
flour  in  sealed  containers  at  moistures  ranging  from  3  to  14  per  cent  and 
held  at  a  temperature  of  37.8°F.  He  found  that  the  more  refined  flours 
were  the  more  stable  and  that  chlorine  dioxide  treatment  and  moisture  ad¬ 
versely  affected  stability.  The  increase  in  fat  acidity  was  minimized  with 
the  most  refined  flours,  was  unaffected  by  chemical  flour  bleaching,  and 
did  not  occur  at  the  lowest  moisture  level  of  three  per  cent. 

A  report  on  the  keeping  quality  of  flour  over  prolonged  storage  periods 
has  been  given  by  Greer  et  al  (1954).  Flours  were  stored  in  non-gas- 
tight  tins  for  periods  of  up  to  2/  years.  In  the  non-gas-tight  tins,  the 
flours  were  acceptable  for  10  years.  In  the  gas-tight  tins  it  was  found  that 
the  oxygen  content  of  the  head  space  gases  decreased  and  the  carbon  di¬ 
oxide  content  went  up.  Where  the  oxygen  content  was  below  five  per 
cent  the  flour  was  unimpaired  by  storage  and  it  is  thought  that  this  may 
have  been  the  limit  imposed  by  rancidity  development.  Generally,  how¬ 
ever,  the  fat  in  the  flour  was  considerably  hydrolyzed,  the  flour  had  an 
dor,  and  bread  made  from  the  flour  was  also  odoriferous. 

In  passing,  it  is  worth  noting  that  a  positive  correlation  has  been  re¬ 
ported  between  germ  damage  in  sick  wheat  and  fat  acidity  and  that  a 
fat  acidity  test  has  been  proposed  as  an  index  of  grain  deterioration 

(Baker  et  al.  1957).  A 

The  situation  in  oat  grains  is  somewhat  similar.  Although  no  evi 
ailable  to  indicate  fat  synthesis  during  grain  storage,  it  is  recorde 
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(Hutchinson  et  al  1951)  that  under  normal  conditions  of  storage,  namely 
13  per  cent  moisture  and  a  temperature  of  64  F.  fat  acidity  in  oat  grains 
increases  quite  slowly.  If,  however,  the  grain  is  crushed  or  milled,  then 
there  is  a  rapid  increase  in  fat  acidity  from  the  normal  free  fatty  acid 
content  of  3  to  10  per  cent.  This  change  takes  place  within  the  first  few 
days  (Smith  et  al.  1957).  It  would  seem  that  oat  flour  provides  a  good 
example  of  two  processes  producing  an  unpleasant  deterioration— in  fact, 
it  has  been  suggested  (Rothe  1956)  that  lipolysis  and  oxidation  due  to 
lipoxidase  activity  are  responsible  for  the  bitter  taste  which  develops  in 
oat  products  on  storage. 

Although  much  stress  has  been  placed  in  the  literature  on  the  oxidation 
of  the  unsaturated  fatty  acids  in  corn  and  corn  products,  those  workers 
familiar  with  these  materials  will  have  recognized  the  presence  of  lipase 
or  esterase  enzymes  in  these  materials.  These  enzymes  can  impair  quite 
noticeably  the  acceptability  of  foods  containing  corn  through  the  devel¬ 
opment  of  high  fat  acidity  followed  by  other  changes  detracting  from 
the  quality  of  the  food.  As  to  the  location  of  the  enzyme,  little  informa¬ 
tion  is  available,  but  it  is  a  general  opinion  that  the  site  is  probably  near 
the  corn  germ. 

Rice  lipase  has  been  associated  with  the  rice  bran  and  enzyme  activity 
may  be  increased  by  the  presence  of  micro-organisms  ( Loeb  and  Mayne 
1952)  and  moisture.  It  has  further  been  reported  that  in  rough  rice, 
maintained  at  various  moisture  levels  for  seven  months  at  70° F.  and 


80  F.,  the  amount  of  fatty  acids  increases  logarithmically  with  time  and 
approximately  exponentially  with  moisture. 

Turning  now  to  breakfast  cereals,  only  minor  quantities  of  non-cereal 
materials  are  present,  so  that  cereal  stability  largely  determines  product 
stability.  The  flake  type  breakfast  cereal  is  made  by  flaking  a  cooked 
cereal  particle  in  rolls.  The  stability  of  the  product  is  affected  not  only  by 
the  type  of  cereal  employed,  but  also  by  the  processing  conditions.  In 
general  the  more  severe  the  conditions  the  more  stable  the  product.  Rice 
flakes  have  the  longest  shelf  life,  followed  by  corn  flakes,  then  wheat 
flakes,  and  finally  oat  flakes.  The  latter  two  materials  have  stabilities 
quite  low  in  comparison  with  corn  and  rice  flakes.  Fat  oxidation  is 
thought  to  be  the  major  factor  in  flavor  deterioration  of  these  products 
with  fat  cleavage  as  a  possible  secondary  factor  becoming  more  important 
in  oat  flakes.  Expanded  breakfast  cereals  follow  the  same  pattern  al- 
though  with  this  type  of  food,  puffed  wheat,  corn,  and  rice  have  an 

eqmvalent  stability,  but  puffed  oats  are  again  much  below  the  other 
three  cereal  products  in  shelf  life. 

Cereal  Hours  are  extensively  used  in  prepared  mixes  such  as  pancake, 
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waffle,  cake,  muffin,  corn  bread,  cookie,  and  doughnut  mixes, 
velopment  of  fat  acidity  due  to  enzymes  in  the  cereal  flours  m 
rar  reaching  consequences. 


The  de- 
ay  have 


If  the  cereal  lipolytic  enzyme  is  active,  not  only  may  the  cereal  lipids 
be  split,  but  also  some  cleavage  may  occur  in  the  shortening  or  fat  which 
is  an  ingredient  of  the  mix  formulation.  The  presence  of  significant 
quantities  of  free  fatty  acids  will  impair  the  taste  of  the  product  since 
these  compounds  are  often  very  flavorful. 

Most  of  the  prepared  mixes  are  leavened  chemically,  in  other  words, 
they  contain  as  ingredients  quantities  of  a  basic  material  such  as  sodium 
bicarbonate  and  an  acid  material  such  as  monocalcium  phosphate,  sod¬ 
ium  acid  pyrophosphate  or  potassium  bitartrate  (cream  of  tartar).  When 
the  ingredients  are  mixed  with  water  the  reaction  between  the  leavening 
components  generates  carbon  dioxide  which  expands  the  structure  of  the 
cake;  e.g. 


3CaH1(PO,)2  +  8NaHCOa - >Ca3(PO*)2  +  4Na2HPO,  +  SCO,  +  8H,>0 

( monocalcium  phosphate ) 

KHCjHiOs  +  NaHCOa - >C02  +  KNaC4H,0«  +  H.O 

( potassium  hicitrate ) 

In  the  formulation  of  the  mixes  the  amount  of  acid  leavening  ingredient 
is  carefully  balanced  against  the  basic  leavening  ingredient  so  that  after 
the  reaction  has  taken  place  the  system  will  be  at  a  suitable  pH.  Should 
there  be  an  excess  of  acid  ingredient  a  characteristic  taste  is  imparted  to 
the  finished  product.  A  different  but  also  characteristic  taste  is  noticeable 
in  the  product  if  the  basic  leavening  ingredient  is  in  excess. 

If  the  production  of  fatty  acids  becomes  excessive  due  to  fat  cleavage 
during  the  storage  period  of  a  mix,  then  it  is  not  impossible  for  the  free 
fatty  acids  to  react  with  the  basic  component  of  the  leavening  system. 
This  will  result  in  some  unneutralized  acid  component  remaining  in  the 
baked  product  and  this  in  turn  will  produce  the  undesirable  taste. 

The  reaction  of  the  fatty  acid  with  the  basic  leavening  component  will 
result  in  the  formation  of  an  alkali  ester  of  the  acid  of  the  type  R  •  COONa. 
This  formula  is  typical  of  a  soap  and  in  fact  a  soapy  taste  is  often  the 

result  of  lipolysis  in  prepared  mixes. 

By  contrast  it  might  be  mentioned  that  in  some  baked  products  (pai- 
ticularly  in  Europe)  a  slight  soapy  flavor  is  desirable.  A  product  callec 
“parkin”  common  to  the  north  of  England  is  not  considered  desirab  c 
until  it  has  developed  this  characteristic.  True  shortbread  from  Scotlam 
has  a  slight  flavor  of  oxidized  fat  and  soapy  fat. 
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CONTROL  MEASURES 


Antioxidants 


Having  described  the  types  of  fats  commonly  found  in  foods,  the  types 
of  reactions  they  undergo  and  the  results  that  fat  deterioration  may  have 
on  food  quality,  it  is  appropriate  to  discuss  those  steps  that  may  he  taken 
to  minimize  these  difficulties. 

Dealing  first  with  oxidative  rancidity,  the  most  common  approach  to 
control  is  through  the  use  of  antioxidants.  The  literature  is  replete  with 
references  to  the  effectiveness  of  various  compounds  in  delaying  oxidation 
of  fats,  but  perhaps  it  is  appropriate  to  begin  the  review  of  the  subject  by 
referring  briefly  to  antioxidants  which  occur  naturally  in  some  food 
products. 

Oat  bran,  it  has  been  claimed,  has  antioxidant  properties.  Rice  bran 
and  rice  bran  extracts  as  antioxidants  are  the  subject  of  several  patents 
(Gvorgy  1947,  Patterson  and  Williamson  1948).  In  one  of  these  it  is 
suggested  that  the  extract  is  a  crude  vitamin  B  complex  and  this  is  com¬ 
bined  with  a  sulfhydryl  compound  such  as  urea  sulfanilamide,  or  sulfa- 
guanidine  to  form  a  synergistic  mixture  capable  of  protecting  animal 
and  vegetable  fats  from  oxidation.  A  second  patent  ( Patterson  and  Wil¬ 
liamson  1948)  details  a  method  tor  concentrating  the  rice  bran  antioxidant 
to  give  an  enhanced  protective  effect.  The  basis  of  the  method  is  an 
alcoholic  precipitation  of  inert  materials,  followed  by  an  ether  extraction. 

Wheat  germ  oil  and  soya  lecithin  are  stated  to  be  effective  antioxidants 
for  hydrogenated  vegetable  oil  and  butter  ( Dliar  and  Aggarival  1947), 
and  in  a  further  report  (Lips  1952)  the  list  of  “natural”  anti-oxidants  is 
extended  to  include  tocopherol,  citric  acid,  and  gum  guaiac  although  it 
is  pointed  out  that  these  materials  are  more  effective  in  controlling  ran¬ 
cidity  than  flavor  reversion. 


Considering  now  the  use  of  synthetic  anti-oxidants,  one  of  the  problems 
connected  with  the  use  of  such  materials  has  been  the  question  of  “carry 
through,  that  is  the  ability  of  the  antioxidant  to  survive  a  baking  or 
cooking  process  and  so  remain  to  protect  the  fat  in  the  finished  product 
A  further  problem  is  concerned  with  the  question  of  toxicity.  Anti¬ 
oxidants  may  be  regarded  as  food  preservatives  and  as  such  are  affected 
w  legislation.  Presently  the  four  antioxidants  shown  in  Table  124  are 
considered  most  suitable  for  use  in  stabilizing  fats.  These  antioxidants 
‘  e  often  used  in  synergistic  mixtures  with  each  other  and  other  materials 
such  ris  citric  acd.  In  this  way  their  effectiveness  is  substantially  in- 


The  present  regulations  (Anon.  1954)  permit  foodstuffs  to  contain 
not  more  than  one  hundredth  of  one  per  cent,  BHT,  not  more 
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than  one  hundredth  of  one  per  cent,  a  combination  of  BH  1  and  B 
of  not  more  than  two  hundredths  of  one  per  cent,  citric  acid  and/  or 
phosphoric  acid  and/or  mono-isopropyl  citrate,  not  more  than  om 
hundredth  of  one  per  cent,  either  alone  or  in  combination  with  <  > 
BHT,  or  a  combination  of  both.  NDGA  is  allowed  at  the  level  of 
one  hundredth  of  one  per  cent  in  lard  and  shortening  but  suffers  from  the 
disadvantage  of  not  coming  through  the  baking  process  particular  \  we 
There  are  several  method  used  for  the  application  of  antioxidants  to 
fats  and  products  containing  fats.  The  obvious,  and  original,  method  is 
to  put  a  measured  quantity  into  the  liquid  fat  during  processing.  In  the 
case  of  such  materials  as  breakfast  cereals  and  nuts,  it  is  often  convenient 
to  spray  the  food  with  an  oil  solution  of  the  antioxidant  (Stuckey  1955). 
In  processing  of  potato  chips,  the  antioxidant  may  be  put  into  the  fiying 


oil. 

The  incorporation  of  antioxidants  into  packaging  material  is  also  a 
measure  which  under  certain  circumstances  can  effectively  prolong  the 
shelf  life  of  foods.  It  is  logical  to  suppose  that  this  method  must  in  some 
way  nullify  the  effect  of  heavy  metals  on  fat  which  has  seeped  into  the 
wraps  as  well  as  generally  protecting  the  thin  layer  of  fat  which  is  in  a 
most  labile  condition  due  to  the  large  surface  areas  involved. 


Hydrogenation 

Hydrogenation  is  commonly  used  to  reduce  the  degree  of  unsaturation 
of  vegetable  oils  thus  promoting  the  stability  of  these  materials  and  the 
foods  in  which  they  are  used.  An  index  of  the  degree  of  unsaturation  of 
a  fat  is  the  iodine  value  which  is  defined  as  the  number  of  grams  of  iodine 
absorbed  under  standard  conditions  by  100  grams  of  fat.  Bailey  ( 1951 ) 
gave  typical  iodine  values  for  baking  fats  which  are  collected  in  Table  125. 

Hydrogenation  is  carried  out  by  the  fat  manufacturers  in  large  re¬ 
actors,  using  a  catalyst  and  hydrogen  gas.  From  Table  125  it  will  be 
realized  that  animal  fats  are  also  often  treated  in  this  way.  In  that  the 
hydrogenation  of  a  fat  also  raises  the  melting  point  and  changes  the 


Table  125 


SOME  TYPICAL  IODINE  VALUES  FOR  BAKING  FATS 


Fat 


Iodine  Value 


All  hydrogenated  vegetable  shortening 
Compound-type  shortening  A 
Compound-type  shortening  B 
Prime  steam  lard 

Prime  steam  lard  with  eight  per  cent  hydrogenated  lard  steam  added 

Hydrogenated  prime  steam  lard 

All-hydrogenated  vegetable  shortening  untempered 


62 

90 

73 

69 

65 

61 

62 
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physical  performance  generally,  there  is  a  limit  to  the  degree  of  hydro¬ 
genation  that  can  be  tolerated.  A  balance  must  be  achieved  between 
producing  the  desirable  fat  stability  and  maintaining  optimum  physical 
performance. 


Other  Means  of  Controlling  Lipid  Deterioration 

Mention  has  already  been  made,  during  the  discussion  on  the  develop¬ 
ment  of  oxidative  rancidity,  that  the  degree  of  processing  may  have  a 
noticeable  effect  on  the  rate  at  which  the  natural  fat  may  go  rancid.  This 
effect  is  particularly  noticeable  during  the  preparation  of  such  foods  as 
breakfast  cereal  flakes  and  puffed  goods.  Although  some  of  the  fat  de¬ 
terioration  is  undoubtedly  lipolytic  in  nature,  it  has  been  found  that  the 
more  thorough  processing  does  tend  to  lower  the  rate  at  which  oxida¬ 
tion  of  the  fat  occurs.  Naturally  there  is  an  upper  limit  to  the  processing 
that  can  be  permitted.  This  limit  is  imposed  by  other  types  of  heat  dam¬ 
age  that  occur  under  extreme  conditions. 

The  selection  of  ingredients  is  an  obvious  method  of  reducing  oxida¬ 
tion  in  foodstuffs,  particularly  packaged  mixes.  Those  items  which  tend 
to  deteriorate  readily  under  normal  conditions  of  storage  render  the 
entire  food  unstable.  Particularly  is  it  important  to  insure  that  all  source 
of  contamination  with  heavy  metals  is  avoided.  In  the  writer’s  experience 
this  is  not  an  easy  task  since  trace  metals  can  be  present  in  such  items 
as  coloring  matters.  Considerations  of  fortification  often  require  the 
presence  of  significant  amounts  of  iron.  Although  the  flavor  reversion 
of  soya  bean  oil  has  never  been  linked  specifically  with  oxidative  ran¬ 
cidity  it  may  be  that  a  connection  exists.  For  this  reason  soya  bean  oils 
were  often  looked  on  with  disfavor.  Now  that  modern  technology  has 
improved  the  quality  of  soya  bean  oil,  reversion  rarely  takes  place  and 
compounded  fats  containing  this  type  of  oil  are  in  common  use. 

Finally,  in  describing  methods  of  reducing  fat  oxidation,  the  matter  of 
packaging  must  be  discussed.  Vacuum  or  gas  packaging  in  tin  cans  is 
perhaps  the  most  perfect  type  of  pack,  but  for  consideration  of  space, 
weight,  and  economy,  other  materials  must  be  used. 

The  employment  of  pliable  films  alone  and  in  combination  as  laminates, 
has  become  increasingly  popular,  and  today  we  have  a  choice  of  such 
material  as  cellophane,  polyethylene,  Polymylar,  and  Saran,  to  mention 
but  a  few.  These  synthetic  polymers  may  be  laminated  to  each  other  or 
to  paper  or  aluminum  foil  to  give  practically  any  desiied  bairiei  against 
moisture,  air,  oxvgen,  or  light.  The  sealing  of  these  materials  may  be 
achieved  by  heat,  by  adhesives  or  by  folding,  depending  upon  the  require¬ 
ments  of  the  product.  .  , 

Many  of  the  cereal  flours  and  cereal  products  require  but  the  simplest 
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of  packaging  material  in  that  jute  or  linen  hags  or  cardboard  containers 
with  or  without  waxed  paper  liners  will  suffice.  The  more  complicated 
mixes  and  frozen  cereal  foods  require  wrapping  materials  of  considerable 
complexity.  In  summary  the  saying  may  again  be  quoted  that  a  food  is 
no  better  than  its  packet. 

Methods  of  reducing  the  effect  of  enzymes  center  around  three  ob¬ 
jectives.  These  are  inactivation  of  the  enzyme  by  heat,  reduction  of 
enzyme  activity  by  limitation  of  available  moisture,  and  elimination  of  the 
enzyme  source. 

Considering  first  enzyme  inactivation  by  heat,  it  has  been  found  pos¬ 
sible  to  inactivate  lipase  in  wheat  by  warming  for  twenty  minutes  at 
140  F.  (Kretovitch  et  al.  1940)  and  a  patent  describes  the  combination 
of  steam  treatment  followed  by  the  sudden  release  of  steam  pressure  as 
a  means  of  promoting  the  keeping  qualities  of  wheat,  rice,  barley,  or  oats 
(Huzenlaub  and  Rogers  1951). 

A  British  paper  (Hutchinson  et  al.  1951)  reports  that  the  lipolytic  agent 
in  oats  may  be  destroyed  by  heating  the  oats  or  meal  to  194  to  212°F.  for 
a  few  minutes  at  a  moisture  content  above  twelve  per  cent  and  goes  on 
to  point  out  that  the  higher  the  moisture  control  in  the  range  of  6  to  20 
per  cent  the  lower  is  the  temperature  required  for  enzyme  inactivation. 

A  similar  effect  has  been  noted  with  corn  where  it  has  been  possible 
to  minimize  the  fat  splitting  ability  of  the  naturally  occurring  enzymes  by 
a  suitable  heat  treatment  under  optimum  conditions  of  moisture. 


Turning  to  the  reduction  of  enzyme  activity  by  controlling  moisture,  the 
effectiveness  of  this  method  in  reducing  the  fat  splitting  ability  of  flour 
was  strikingly  demonstrated  by  McWilliams  and  Soloski  (1953).  These 
workers  made  up  yellow  cake  mixes  from  flour  at  11.7,  8.0,  2.8  and  2.1 
per  cent  moisture,  using  plastic  shortening  and  two  types  of  powdered 
shortening.  The  mixes  were  stored  at  100°F.  It  was  found  that  the  cake 
nuxes  made  will,  flour  at  11.7  per  cent  moisture  deteriorated  at  between 
4  and  6  months  and  mixes  made  from  flours  with  eight  per  cent  moisture 
detenorated  at  between  7  and  8  months.  Mixes  made  with  flours  below 

f  Pf“StU,re  Te  StaUe  for  "P  to  one  ye»-  Furthermore  it  was 
found  that  fat  acidity  development  was  less  in  mixes  made  from  8  0  per 

cent  moisture  flour  than  those  made  from  11.7  per  cent  moisture  (1„ 

At  the  same  time  there  was  no  fat  acidity  development  in  mixes  made  from 

floui  at  -.8  per  cent  moisture  and  below  Fin  dlv  ther*»  (  1 

no  correlation  between  peroxide  values  that  is'  fit  mid  f  '‘S  !!"  *°  be 

deterioration.  ’  s  tat  °*ldation,  and  storage 
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corn  meal  does  much  to  enhance  the  stability  of  the  product  (although  de¬ 
ducting  somewhat  from  the  flavor)  by  limiting  the  speed  with  which  fat 
acidity  develops.  With  lipoxidase,  it  has  been  found  that  the  high  grades 
of  flour  show  relatively  a  greater  stability  than  the  lower  grades.  With 
oats,  a  wet  dehulled  oat  shows  a  markedly  reduced  lipase  activity. 

In  addition  to  the  selection  of  the  quality  of  ingredients,  it  is  possible 
as  mentioned  in  dealing  with  oxidative  deterioration  of  fats,  to  influence 
product  stability  by  the  type  of  ingredients  used  so  that  the  pH,  moisture 
and  substrate  are  as  far  as  possible  from  that  required  for  optimum 
enzyme  activity. 
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CHAPTER  23 


Charles  Feldberg 


Adequacy  of  Processed  Cereals 
in  Human  Nutrition 


INTRODUCTION 


From  earliest  recorded  times  until  the  present,  cereal  foods  have  sup¬ 
plied  a  significant  proportion  of  the  nutrients  eaten  to  maintain  health 
and  well-being.  There  has  been  a  close  relationship  between  the  advance 


of  agriculture  and  the  growth  of  civilization.  When  men  first  learned  to 


plant  crops  they,  of  necessity,  had  to  remain  in  one  place  long  enough  to 
harvest  these  crops.  Since  the  land  had  already  been  cleared  and  culti¬ 
vated  once,  it  became  easier  to  replant  it  for  the  next  season  than  to  move 
and  start  all  over  again.  Thus,  as  more  families  gathered  in  one  favorable 
locale,  villages  grew  up  and  men  learned  to  live  together  for  mutual 
benefit  and  protection. 

Our  civilization  now  has  developed  to  the  point  where  in  the  United 
States  the  available  food  supply  continues  to  be  abundant,  and  if  it  were 
distributed  according  to  nutritional  needs,  every  single  person  in  our 
population  group  would  be  well  fed.  In  actual  practice,  recent  dietary 
surveys  indicate  that  because  of  individual  food  preferences,  income  level 
and  lack  of  nutritional  knowledge,  many  persons  in  our  population  subsist 
on  diets  that  provide  less  than  the  National  Research  Council’s  Recom¬ 
mended  Dietary  Allowances  for  certain  nutrients.  Prominent  among  the 
nutrients  which  are  in  short  supply  are  protein,  minerals  such  as  calcium 
and  iron,  and  vitamins  such  as  thiamin  and  riboflavin.  These  figures  are 
based  on  the  amount  of  food  available  and  not  on  actual  food  intake. 
Therefore,  such  factors  as  plate  waste,  processing  and  cooking  losses  have 
not  been  taken  into  account.  If  they  had  been,  the  numbers  of  individuals 


higher. 


subsisting  on  diets  low  or  marginal  in  the  various  nutrients  would  be 


The  enrichment  of  bread  and  other  grain  products  with  vitamins  and 
iron  has  been  instrumental  in  improving  the  nutritional  adequacy  of  our 
diet.  However,  as  mentioned  ahnvp  m-mv  - ^-n  .  .  . 
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%  OF  DAILY  ALLOWANCES  FOR  A  MAN  25  YEARS  OF  AGE  (NRC) 

Adapted  from  Agr.  Inform.  Bull.  142,  U.  S.  Dept.  Agr.  (1955) 


Fig.  156.  Nutritional  Contribution  of  One-Fourth  Pound  Enriched  and 

Unenriched  Bread 


Approximately  5  slices  of  bread  V 2  inch  thick  weighing  23  grams  each. 


by  the  U.  S.  National  Research  Council  (Fig.  156).  Similarly,  this 
amount  of  bread  supplies  significant  levels  of  other  essential  nutrients. 
On  the  other  hand,  bread  and  most  cereal  products  are  lacking  or  de¬ 
ficient  in  certain  essential  nutrients,  such  as  vitamin  Bt).  Also,  the  protein 
quality  in  most  cereals  is  inferior  to  that  of  high-quality  animal  protein 
foods. 

In  this  chapter,  the  nutritive  value  of  processed  cereals  will  be  dis¬ 
cussed.  This  will  include  a  review  of  the  nutrients  in  food— protein, 
carbohydrate,  fat,  vitamins  and  minerals.  Since  the  functions  of  food  are 
to  build  body  tissue,  to  regulate  body  processes  and  to  supply  energy,  the 
roles  of  the  various  nutrients  in  these  functions  will  be  discussed.  Final!}  , 
the  effects  of  commercial  processing  on  these  nutrients  in  cereal  products, 
and  how  various  nutritional  deficiencies  in  these  cereals  have  been,  and 
might  be,  improved  will  be  considered. 


PROTEIN  AND  AMINO  ACIDS 

During  recent  years  medical  and  nutrition  researchers  have  defined 
the  vital  importance  of  adequate  protein  nutrition  in  promoting  optimum 
growth,  muscular  development  and  resistance  to  disease  in  children;  m 
diminishing  the  incidence  of  toxemias  and  premature  deliveries  in  preg¬ 
nancy;  and  in  maintaining  the  integrity  and  health  of  body  tissues  m 
old  age.  Protein-deficiency  conditions  occur  among  virtually  entire  l 
ulations  in  many  parts  of  the  world  and  among  appreciable  portions 
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the  populations  even  in  relatively  well-nourished  countries  such  as  the 
United  States. 

Proteins,  carbohydrates  and  fats  are  familiar  terms,  in  which  most 
people  will  recognize  the  three  fundamental  classes  of  human  and  animal 
nutrients.  Of  the  three,  however,  protein  is  by  far  the  most  important. 
In  contrast,  carbohydrates  and  fats  are  primarily  fuels  which  are  either 
burned  at  once  by  the  body  or  sent  into  storage.  Protein,  on  the  other 
hand,  is  a  class  of  chemical  compound  from  which  living  tissue  is  built; 
its  very  name  derives  from  the  Greek  word  for  first. 

Proteins  are  almost  incrediably  complex  compounds,  and  the  number 
of  different  kinds  of  proteins  which  are  chemically  possible  is  unlimited. 
In  the  human  body,  there  are  at  least  35  proteins  in  the  blood  plasma 
alone,  and  probably  hundreds  of  thousands  in  the  other  body  fluids  and 
tissues. 


Table  126 

AMINO  ACIDS  IN  HUMAN  NUTRITION 


Essential  Non-essential 


Lysine 

Methionine 

Leucine 

Isoleucine 

Threonine 

Valine 

Phenylalanine 

Tryptophan 


Arginine 

Histidine 

Aspartic  acid 

Glutamic  acid 

Alanine 

Glycine 

Proline 

Hydroxyproline 

Tyrosine 

Cystine 

Serine 

Citrulline 


This  breakdown  and  regeneration  of  body  proteins  is  made  possible, 
despite  their  enormous  complexity,  by  the  fact  that  all  proteins  are  as¬ 
sembled  from  the  same  comparatively  simple  set  of  building  blocks. 
These  blocks  are  the  amino  acids,  of  which  there  are  approximately  22 
Not  all  22  may  occur  in  a  given  protein;  for  example,  insulin  is  a  relatively 
uncomplicated  protein  made  up  of  15  amino  acids.  However,  most 
proteins  are  much  more  complex  than  this. 

The  rate  of  breakdown  of  proteins  in  the  human  body  make  it  urgent 

that  they  be  replaced  on  a  continuous  basis,  either  in  the  diet  or'  by 
synthesis  in  the  body.  • 

Man  can  manufacture  only  a  portion  of  his  amino  acid  requirements 
Those  winch  he  cannot  synthesize  in  adequate  amounts  and  which  con' 

l  qUe"  y  m"st  be  snPPhed  preformed  in  the  diet,  have  been  termed 
essential.  Conversely  amino  acids  which  can  be  synthesized  adequately 
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LYSINE  LEUCINE  ISOLEUCINE  VALINE  METHIONINE  PHENYL  THREONINE  TRYPTOPHAN 

♦  CYSTINE  ALANINE 

Based  on  data  from  Block  and  Bolling  (1951) 


Fig.  157.  Amino  Acid  Proportions  in  Wheat  Flour  Protein  and  in  Whole  Egg 

Protein 

Based  on  tryptophan  as  unity.  Part  of  the  requirement  for  methionine  can  be  supplied 

by  cystine. 


by  the  body  have  been  classified  “non-essential.”  Eight  amino  acids  are 
considered  to  be  essential  to  human  nutrition.  These  eight  essential 
amino  acids  and  twelve  of  the  most  common  non-essential  amino  acids 
are  listed  in  Table  126. 

All  of  these  amino  acids,  essential  and  non-essential,  are  used  by  the 
body  to  build  tissue. 

Only  the  L-isomers  of  the  essential  amino  acids  are  utilized,  with  the 
exceptions  of  D-methionine  which  is  fully  as  active  as  the  L-isomer,  and 
of  D-phenylalanine,  which  is  active  but  to  a  lesser  degree  than  the 

L-isomer. 


Amino  Acid  Balance 

Dietary  proteins  constitute  man’s  principal  source  of  nitrogen.  The 
proteins  in  foods  from  plant  and  animal  sources,  however,  differ  quanti¬ 
tatively  in  amino  acid  composition.  The  proteins  of  meat,  eggs,  fis  1  ant 
milk  have  high  nutritional  value  because  they  contain  a  good  balance  o 
amino  acids  which  resembles  that  required  by  body  tissues.  Corea  pro¬ 
teins,  on  the  other  hand,  such  as  those  in  wheat  flour,  rice  and  com  mu 
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are  unbalanced  in  terms  of  essential  amino  acids.  The  most  deficient 
amino  acid  in  wheat  proteins  is  lysine.  Fig.  157  shows  that  in  comparison 
with  whole  egg  protein,  wheat  flour  is  deficient  in  lysine.  Similarly,  it 
has  been  shown  that  corn  is  deficient  in  lysine  and  tryptophan;  rice  is 
deficient  in  lysine  and  probably  threonine. 


The  synthesis  and  destruction  of  protein  in  the  body  tissues  is  a  con¬ 
tinuous  and  dynamic  process.  The  need  for  amino  acids  is  particularly 
high  during  periods  of  growth,  reproduction  and  lactation,  although  the 
requirements  for  maintenance  and  repair  are  incessant. 

During  the  replacement  of  tissue  proteins  there  is  considerable  destruc¬ 
tion  of  amino  acids.  These  must  be  obtained  from  the  diet  or  be  synthe¬ 
sized  in  the  body  from  other  dietary  components.  If  the  diet  is  deficient 
in  amino  acids,  especially  in  essential  amino  acids  or  in  starting  materials 
for  synthesis  of  non-essential  amino  acids,  the  building  and  repair  of  body 
tissues  is  retarded  until  these  deficiencies  are  supplied  in  the  diet.  In 
short,  the  correct  balance  of  amino  acids  in  the  diet  is  just  as  important 
as  the  total  amount  of  protein. 

Also,  it  is  important  to  provide  all  the  essential  amino  acids  in  the  diet 
at  the  same  time,  to  receive  the  most  benefit  from  food  proteins.  Animal 
feeding  studies  of  amino  acid  mixtures  showed  that  full  production  of 
tissue  proteins  occurred  only  when  all  the  essential  amino  acids  were 
supplied  simultaneously  in  the  right  proportions.  A  time  interval  greater 
than  one  hour  between  the  ingestion  of  an  incomplete  amino  acid  mixture 


and  its  supplemental  missing  amino  acid  resulted  in  decreased  growth 
rate  (Geiger  1947,  Cannon  et  al  1947,  Henderson  and  Harris  1949). 

It  has  been  shown  that  the  nutritive  value  of  proteins  is  primarily  de¬ 
pendent  on  their  amino  acid  balance.  By  the  proper  combination  of 
available  protein  and  by  small  additions  of  supplementary  amino  acids 
to  staple  foods,  it  now  appears  possible  to  effect  the  equivalent  of  a  50  to 
100  pei  cent  increase  in  dietary  protein  without  increasing  the  amount 
of  food  grown.  When  the  nutritional  value  of  a  food  protein  is  limited 
by  a  deficiency  of  one  of  the  essential  amino  acids,  the  addition  of  a  small 
amount  of  tins  limiting  amino  add  gives  a  relatively  large  increase  in 
biological  value  of  that  food  protein. 


Amino  Acid  Fortification  of  Cereals 

Cereal  proteins  such  as  those  in  wheat  flour,  rice  and  corn  meal  are 
consnlered  to  he  low-quality”  proteins  si, tee  they  are  either  lacking  or 
deficient  m  one  or  more  of  the  essential  amino  acids.  In  cereal  proteins 
the  limiting  amino  acid  is  usually  lysine.  This  deficiency  of  amino  acids 
mits  the  use  of  the  protein  in  cereal  products  by  the  body 
Quantitatively,  the  amount  of  protein  in  cereals  varies  from  approxi- 
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LYSINE  LEUCINE  ISOLEUCINE  VALINE  METHIONINE  PHENYL-  THREONINE  TRYPTOPHAN 

CYSTINE  ALANINE 

From  Wrenshall  and  Feldberg  (1958) 


Fig.  158.  Amino  Acid  Proportions  in  Wheat  Flour  Protein,  with  and  without 
Added  Non-fat  Milk  Solids  and  Lysine,  and  in  Egg  Protein 

Based  on  tryptophan  as  unity. 

1— White  Flour  Protein;  2— White  Flour  Protein  +  3  per  cent  NFMS;  3— White  Flour 
Protein  +  6  per  cent  NFMS;  4— White  Flour  Protein  +  0.25  per  cent  L-Lysine  Mono- 

hydrochloride;  5— Egg  Protein. 

mately  25.2  per  cent  in  wheat  germ  down  to  5.9  per  cent  in  a  puffed  rice 
breakfast  cereal  (Table  127).  The  biological  value  of  cereal  proteins— 
that  is  the  per  cent  of  absorbed  nitrogen  retained  for  growth  and  main¬ 
tenance— is  considerably  inferior  to  that  of  high-quality  animal  proteins. 
This  indicates  that  cereal  proteins  are  only  partially  available  to  the  body 
for  tissue  maintenance  and  growth.  That  portion  of  protein  not  used  by 
the  body  for  tissue  synthesis  is  converted  to  energy,  that  is,  burned  as 
fuel  similar  to  fat  and  carbohydrate. 

Wheat-Based  Products 

It  has  been  known  for  many  years  that  wheat  protein  is  deficient  in 
lysine.  White  flour  prepared  by  modern  milling  procedures  is  even  more 
deficient  in  this  amino  acid.  By  adding  to  flour  up  to  six  per  cent  non-tat 
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1  Adapted  from  Anon.  (1950). 

2  Enriched  to  minimum  levels  specified  in  Standards  of  Identity. 

3  Yellow  corn  grits. 

4  Yellow  corn  meal. 
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milk  solids,  the  American  baker  succeeds  in  raising  the  lysine  content  of 
bread.  Actually,  based  on  flour  weight  the  average  amount  of  milk  solids 
used  is  between  3  and  4  per  cent  (Kulp  et  al  1956).  Even  a  six  per  cent 
addition  of  milk  solids,  however,  does  not  supply  enough  lysine  to  over¬ 
come  the  low  level  in  bread  protein  (Fig.  158). 

Weanling  rats  fed  a  dried  bread  diet  containing  three  parts  non-fat 
milk  solids  per  100  parts  of  flour  and  supplemented  with  fat,  salts  and 
vitamins,  showed  a  /  5  per  cent  improvement  in  weight  gain  when  0.2 
per  cent  of  L-lysine  was  added  to  the  diet  (Rosenberg  and  Rhodenburg 
1952).  In  another  study,  it  was  shown  that  as  far  as  growth  in  weanling 
rats  is  concerned  lysine  is  the  only  amino  acid  deficiency  in  commercial 
white  bread.  Further  supplementation  with  valine,  threonine  or  meth¬ 
ionine  was  without  effect  (Rosenberg  et  al.  1954). 

A  similar  experiment  was  conducted  in  which  the  bread  ration  did  not 
contain  the  three  parts  of  non-fat  milk  solids.  In  these  studies  the 
optimum  growth  response  was  obtained  with  an  addition  of  0.25  per  cent 
of  L-lysine.  Since  three  parts  of  non-fat  milk  solids  contain  0.082  per  cent 
of  lysine,  these  results  can  be  closely  correlated  with  those  of  the  previous 
study  (Hutchinson  et  al.  1956). 

Similar  studies  by  other  investigators  have  indicated  that  the  protein 
quality  of  commercial  white  bread  can  be  substantially  improved  by  the 
addition  of  small  quantities  of  L-lysine  (Hutchinson  et  al.  1956A,  Jahnke 


and  Schuck  1957). 

Since  these  studies  were  carried  out  with  weanling  rats,  these  data 
must  be  related  to  human  requirements.  Although  there  are  certain 
drawbacks  in  applying  experimental  results  with  rats  to  human  needs, 


many  of  today’s  accepted  allowances  of  essential  nutrients  for  humans 
were  derived  from  studies  in  genetically  selected  rat  colonies.  There  is 
evidence  that  this  may  also  be  true  for  the  amino  acid  requirements  of 
humans.  The  proportionate  requirements  of  the  essential  amino  acids 
for  the  maintenance  of  nitrogen  equilibrium  in  man  approximate  those 
of  growing  animals  for  maximum  nitrogen  retention  (Mitchell  1954). 
Table  128  shows  that  for  various  proteins  adult  man  resembles  the  grow¬ 
ing  rat  more  closely  than  he  does  the  adult  rat  in  his  metabolic  utiliza¬ 
tion  of  food  proteins.  Hegstead  (1957)  noted  that  the  rat  apparently 
has  slightly  different  amino  acid  needs  from  man  because  a  greater  pro 
portion  of  the  protein  is  required  by  rats  for  the  growth  of  hair.  These 
variations  are  minor,  and  the  data  on  the  biological  value  of  proteins 
obtained  with  rats  are  considered  essentially  applicable  to  mam 

In  addition,  many  authorities  ( Howard  et  al  1958,  Block  1956  Allison 
1957)  believe  that  for  man  a  complete  protein  should  contain  .  gnl- 
L-lysine  per  100  gm.  of  protein.  Albanese  (1955)  stated  that  the  lysme- 
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Table  128* 

BIOLOGICAL  VALUES  OF  PROTEIN 


Protein  Source 

Growing  Rat 

Adult  Rat 

Adult  Man 

Egg  albumin 

Whole  egg 

97 

87 

94  , 

82 

91 

94 

Wheat  gluten 

40 

65 

42 

Casein 

69 

51 

68 

Peanut  flour 

54 

46 

56 

White  flour 

52 

65 

41 

1  Adapted  from  Mitchell  (1954). 


to-tryptophan  ratio  (L/T)  should  be  at  least  5.6  and  since  tryptophan 
is  usually  one  per  cent  or  less  in  food  proteins  these  figures  are  in  general 
agreement.  The  L/T  ratio  of  human  muscle  is  approximately  5.6  to  1. 
Commercial  white  bread  supplemented  with  three  parts  of  non-fat  milk 
solids  has  an  L/T  ratio  of  2.6/1  and,  therefore,  contains  a  suboptimal 
amount  of  L-lysine.  Block  and  Bolling  (1945)  stated  that  the  daily  re¬ 
quirement  for  lysine  in  humans  should  approach  5.2  grams.  To  supply 
this  need,  it  would  take  186  grams  of  protein  derived  from  white  bread 
supplemented  with  6  per  cent  non-fat  milk  solids,  or  260  grams  of  protein 
derived  from  white  bread  containing  3  per  cent  of  non-fat  milk  solids. 
On  the  other  hand,  it  would  require  only  108  grams  of  protein  derived 
from  white  bread  supplemented  with  0.2  per  cent  L-lysine  to  supply  this 
need. 

Since  we  are  mainly  concerned  with  the  nutritive  value  of  wheat  pro¬ 
tein  for  humans,  the  correlation  of  rat  feeding  data  with  those  of  human 
studies  must  be  considered.  The  addition  of  lysine  alone  to  wheat  gluten 
(the  major  protein  of  white  flour)  has  been  demonstrated  to  raise  its 


protein  efficiency  into  the  animal  protein  range  for  both  infants  and 
adults. 

Hoffman  and  McNeil  (1949)  found  that  the  addition  of  4  per  cent 
lysine  to  wheat  gluten  increased  the  nutritive  value  of  the  protein,  as 
measured  by  nitrogen  balance  in  human  adults,  and  it  approached  the 
value  for  casein.  These  workers  concluded  that  lvsine  improves  the 

nutritive  value  of  gluten  for  humans  as  it  has  been  shown  to  do  for  lower 
animals. 


Bncker  ef  al  (1945)  fed  enriched  white  flour  to  adult  humans  as  tire 
sole  source  of  protein.  While  on  this  white  flour  diet  for  five  days  a 
emale  subject,  age  23,  was  in  a  state  of  negative  nitrogen  balance.  '  Fer¬ 
tile  next  five  days,  she  consumed  essentially  tire  same  diet  plus  a  daily 
supplement  of  lysine  providing  0.263  grams  of  nitrogen.  Immediately) 
he  urinary  nitrogen  level  dropped  and  the  subject  went  into  positive 
balance  indicating  the  benefits  of  lysine  supplementation  in  humans 
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Albanese  et  al.  ( 1955A)  studying  infants,  found  that  the  nutritive  value 
of  the  protein  in  infants’  cereal  foods  including  milk  could  in  many  cases 
be  improved  by  the  addition  of  small  quantities  of  lysine.  Loughlin  and 
Wetzel  (1957)  in  a  recent  study  of  malnutrition  in  the  tropics  found  that 
the  addition  of  one  gram  of  L-lysine  daily  to  the  diets  of  Haitian  children, 
subsisting  mainly  on  a  cereal  diet,  resulted  in  greater  improvements  in 
height  and  weight  than  in  children  receiving  no  lysine  supplement. 

In  comparing  the  protein  quality  and  quantity  of  white  bread  and 
protein  bread  to  that  of  egg.  Stare  (1957)  stated  that  three  slices  of  or¬ 
dinary  white  bread  equal  the  protein  of  one  egg  in  terms  of  total  quantity 
of  protein.  However,  the  quality  of  the  bread  protein  is  only  about  a 
third  that  of  egg.  Therefore,  nine  slices  of  ordinary  white  bread  are 
required  to  equal  one  egg  in  terms  of  quality  of  protein.  If  white  bread 
is  supplemented  with  lysine,  only  five  slices  will  equal  one  egg. 

In  a  similar  manner  protein  breads,  which  have  become  increasingly 
popular,  can  be  improved  by  lysine  supplementation.  A  quantity  of 
protein  equivalent  to  one  egg  is  supplied  by  two  slices  of  a  typical  protein 
bread,  but  a  correction  for  quality  requires  about  five  slices.  If  the  pro¬ 
tein  bread  is  supplemented  with  lysine,  only  three  and  one-half  slices 
will  provide  the  same  protein  quantity  and  quality  as  one  egg.  On  this 
basis,  lysine-supplemented  protein  bread  has  a  protein  efficiency  two  and 
one-half  times  that  of  non-supplemented  white  bread. 

Thus,  through  the  judicious  lysine  supplementation  of  wheat  protein 
il  has  been  demonstrated  that  its  quality  and  efficiency  can  be  markedly 


improved. 

The  protein  quality  of  other  wheat-based  foods,  such  as  macaroni, 
farina  products  and  wheat  flakes  cereal,  can  be  markedly  improved  by  the 
addition  of  approximately  0.2  per  cent  L-lysine  based  on  the  weight  of 
the  product.  As  in  the  results  reported  for  bread,  the  addition  of  L-lysine 
monohydrochloride  to  macaroni  and  farina  products  results  in  an  im¬ 
provement  in  protein  efficiency  of  approximately  two  times.  Wheat  flakes 
cereal  which  has  a  protein  efficiency  rating  of  zero  also  improved  but  not 
to  the  same  extent  as  other  food  products  (Anon.  1958). 

The  addition  of  approximately  0.2  per  cent  L-lysine  to  macaroni  and 
wheat  flakes  cereal  improves  the  protein  efficiency  ratios  of  the  products 
to  the  same  level  as  that  of  macaroni  and  wheat  flakes  cerea  in  the 
presence  of  low  amounts  of  milk.  In  those  mixtures  with  low  milk  about 
30  to  35  per  cent  of  the  total  protein  of  the  mixture  was  derived  from  mil 
and  about  65  to  70  per  cent  from  wheat  protein.  The  protein  qua  ' 
of  these  mixtures  having  a  low  proportion  ol  milk  can  be  iPd 
further  by  the  addition  of  L-lysine.  The  protein  efficiency  ratio  ofjh* 
flakes  cereal  in  the  presence  of  low  amounts  of  mi  p  u  -  l 
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added  L-lysine  is  2.3  and  for  macaroni  in  the  presence  of  low  m.lk  plus 
0.2  per  cent  L-lysine  is  2.5.  This  is  about  equivalent  to  the  protein 
efficiency  ratio  of  a  food  combination  in  which  wheat  protein  and  milk 
protein  make  up  equal  proportions  of  the  mixture.  When  the  ratio  o 
milk  protein  to  wheat  protein  is  about  50:50,  the  addition  of  L-lysine 
gives  no  significant  improvement  in  protein  quality. 

To  obtain  high-quality  protein,  bread  should  contain  44  per  cent 
L-lysine  as  a  percentage  of  the  protein  after  baking.  Since  there  is  ap¬ 
proximately  a  10  to  20  per  cent  loss  of  L-lysine  in  baking,  about  5.5  per 
cent  L-lysine  should  be  present  in  the  dough  protein  before  baking.  On 
this  basis  other  supplements  may  be  used  to  improve  the  lysine  level 
in  bread.  Lactalbumin  containing  approximately  10.5  per  cent  lysine  or 
non-fat  milk  solids  with  about  8  per  cent  may  be  used  to  improve  the 
protein  quality  of  bread  and  of  other  wheat-based  products.  About  10 
to  11  per  cent  lactalbumin  based  on  the  weight  of  the  flour  or  36  per  cent 
non-fat  milk  solids  must  be  used  (Anon.  1958).  Other  products  which 
may  be  used  to  improve  protein  quality  are  soybean  protein  and  casein. 
However,  impractical  high  levels  of  these  additives  would  be  necessary. 
On  a  weight  basis  L-lysine  monohydrochloride  is  the  supplement  of 
choice  (Howard  et  al.  1958).  It  is  possible  that  a  combination  of  one 
or  more  of  these  supplementary  proteins  plus  lysine  may  be  a  practical 
means  of  improving  both  protein  quality  and  quantity. 

Some  products  already  on  the  market  are  being  fortified  with  L-lysine 
monohydrochloride.  These  include  protein  breads,  cookies  and  various 
ready-to-serve  cooked  cereals  for  infants. 

Rice-Based  Products 

Rice  contains  proteins  which  are  deficient  in  certain  of  the  essential 
amino  acids.  The  addition  of  amino  acids  to  improve  the  quality  of  rice 
protein  has  been  studied  by  many  investigators.  It  is  not  yet  clear 
whether  the  addition  of  lysine  alone  or  in  combination  with  threonine 
will  afford  the  optimum  improvement  in  the  quality  of  rice. 

The  protein  in  polished  rice  can  be  improved  by  supplementation  with 
0.2  per  cent  L-lysine  and  0.12  per  cent  L-threonine.  Diets  supplemented 
at  these  levels  produce  a  growth  response  in  rats  three  times  greater  than 
in  rats  on  an  unsupplemented  rice  diet  (Pecora  and  Hundley  1951). 

The  protein  quality  of  rice  bran  and  rice  polish  used  in  livestock  feed¬ 
ing  can  be  improved  by  the  addition  of  0.2  per  cent  L-lysine,  0.2  per  cent 
DL-threonine  and  0.1  meg.  of  vitamin  B12. 

Nitrogen  balance  in  adults  was  used  to  evaluate  certain  amino  acids 
as  supplements  to  rice  diets  (Hundley  et  al.  1957).  The  authors  con¬ 
cluded  that  m  these  diets  there  was  a  need  for  more  nitrogen  from  essential 
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or  non-essential  amino  acid  sources.  Lysine,  alone,  seemed  to  produce 
an  improved  nitrogen  balance  in  some  subjects  over  and  above  that  which 
could  be  explained  by  a  contribution  of  nitrogen  alone.  Threonine  did 
not  show  a  similar  effect  and  the  authors  stated  that  the  human  adult  is 
clearly  unlike  the  growing  rat  which  needs  both  lysine  and  threonine  for 
improved  utilization  of  rice  protein. 

In  a  more  recent  study  (Rosenberg  and  Culik  1957)  the  nutritive  value 
oi  the  protein  in  white  polished  rice  was  improved  by  additions  of  small 
amounts  of  L-lysine  alone.  The  addition  of  0.05  to  0.10  per  cent  of 
L-lysine  monohydrochloride  to  a  90  per  cent  precooked  white  polished 
rice  diet  significantly  improved  the  growth  rate  and  food  utilization  of 
weanling  rats. 

These  studies  indicate  that  it  may  be  possible  to  improve  the  protein 
quality  of  rice  by  the  addition  of  low  levels  of  certain  amino  acids.  Since 
rice  provides  a  major  portion  of  the  nutrients  ingested  by  a  wide  segment 
ol  the  world’s  population  an  improvement  in  the  protein  of  rice  would 
benefit  a  great  number  of  people. 

Rye  Products 

The  addition  of  lysine  alone  or  threonine  alone  to  a  rye  flour  containing 
eight  per  cent  protein  produced  very  little  improvement  in  growth  in 
rats.  However,  the  addition  of  a  combination  of  0.25  per  cent  L-lysine 
and  0.2  per  cent  threonine  to  this  diet  yielded  a  significant  increase  in 
growth  and  protein  efficiency  ( Sure  1954 ) .  Stromnaes  and  Kennedy 
(1957)  reported  that  the  addition  of  lysine  alone  significantly  improved 
the  protein  efficiency  of  rye  bread  in  rat  growth  studies.  The  protein 
quality  of  rye  bread  and  of  the  unbaked  ingredients  supplemented  with 
5  per  cent  non-fat  milk  solids  or  0.166  per  cent  L-lysine  was  determined. 
The  supplement  of  milk  solids  increased  the  protein  efficiency  ratio  9 
per  cent  for  the  bread  and  11  per  cent  for  the  unbaked  ingredients. 

Corn-Based  Products 

Available  evidence  indicates  that  corn  protein  is  naturally  deficient  in 
both  lysine  and  tryptophan.  Commercial  processing  of  corn  results  in 
some  destruction  of  the  natural  L-tryptophan  as  well  as  L-lysine.  This 
would  serve  to  increase  the  need  for  amino  acid  fortification. 

It  has  been  reported  that  when  milled  com  was  the  sole  protein  m 
the  diets  of  rats  the  addition  of  either  L-lysine  or  L-tryptophan  alone 
improved  the  biological  value  of  the  protein.  However,  the  addition  o 
0.2  per  cent  L-lysine  and  0.1  per  cent  L-tryptophan  together,  based  o 
the  weight  of  the  milled  corn,  was  accompanied  by  a  1-4  pei  cent ,n^ 
in  body  weight  and  a  73.5  per  cent  increase  in  protein  efficiency. 
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results  indicate  that  both  lysine  and  tryptophan  are  equally  limiting  amino 
acids  in  corn  (Sure  1948).  In  whole  yellow  corn  the  addition  ol  1.0  per 
cent  DL-lysine  together  with  0.5  per  cent  DL-tryptophan  produced  an  in¬ 
crease  in  growth  of  138  per  cent  and  an  increase  in  protein  efficiency  of 
66  per  cent  as  measured  in  rats.  These  results  were'  markedly  better  than 
when  lysine  alone  was  the  supplement  ( Sure  1953 ) . 

Breakfast  Cereals 

The  grains  from  which  breakfast  cereals  are  produced  are  naturally 
deficient  in  one  or  more  of  the  essential  amino  acids,  mainly  lysine.  In 
addition,  the  destruction  of  or  formation  of  non-utilizable  configurations 
of  essential  amino  acids  during  processing  increases  the  need  for  sup¬ 
plements  of  amino  acids. 

The  nutritional  value  of  various  commercial  cereal  breakfast  foods  was 
evaluated  by  using  the  rat  growth  method  to  determine  protein  efficiency 
ratios  of  the  products.  Of  15  cereals  tested  only  four  were  considered 
adequate  in  regard  to  protein  efficiency.  These  cereals  alone  were  of 
exceptionally  poor  protein  quality,  although  when  fed  with  enough  milk 
the  resulting  mixtures  may  have  supported  growth  (Sure  1951).  How¬ 
ever,  milk  protein  is  well  balanced  in  essential  amino  acids  and  when  it 
is  used  to  improve  the  lysine  content  of  cereals,  the  resulting  protein 
mixture  is  inferior  to  milk  protein  in  lysine  content,  and  amino  acids 
other  than  lysine  are  present  in  excess.  These  amino  acids  will  not  be 
used  in  tissue  synthesis.  Also,  it  is  not  possible  to  raise  the  amino  acid 
content  of  cereal  proteins  to  animal  protein  levels  by  mixing  cereal  pro¬ 
teins  in  the  diet.  Sure  ( 1957)  evaluated  various  mixed  cereals  and  found 
that  an  addition  of  0.2  per  cent  L-lysine  improved  the  protein  efficiency 
in  a  mixed  cereal  of  oatmeal  and  barley.  Additional  improvement  was 
noted  with  supplements  of  vitamin  B12. 

Another  reason  for  amino  acid  fortification  of  breakfast  cereals  is  that 
the  lysine  and,  in  some  cases,  the  tryptophan  value  of  ready-to-eat  whole 
wheat,  corn,  oat  and  rice  breakfast  foods  is  much  less  than  whole  grains. 

Any  supplementation  ol  foods  with  the  most  limiting  amino  acid,  the 
addition  of  which  will  improve  the  natural  amino  acid  pattern,  should  be 
considered  as  sound  nutritional  practice  and  is  to  be  encouraged  This 

is  especially  true  of  cereal  foods  which  are  deficient  in  certain  of  the 
essential  amino  acids. 


CARBOHYDRATE 


Carbohydrates  are  nutrients  which  provide  the  body  with  energy  In 
by  may  '>e  C°nVerted  in‘°  fat  a"d  stored 
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In  the  United  States,  up  to  50  per  cent  of  the  calories  in  the  diet  are 
derived  from  carbohydrates.  This  is  due  to  the  fact  that  foods  which 
contain  laige  amounts  of  carbohydrates  are  usually  relatively  inexpensive 
and  are  traditionally  the  major  components  of  the  diet.  Cereals,  fruits 
and  vegetables  contain  high  levels  of  carbohydrates,  while  meat,  fish  and 
dairy  products  are  usually  poor  sources. 

Three  major  classifications  of  carbohydrates  are  sugar,  starch  and  cellu¬ 
lose.  Since  all  types  of  carbohydrates  which  are  absorbed  by  the  body 
are  used  to  provide  energy  or  are  converted  to  fat,  it  is  customary  to 
consider  the  total  amount  of  carbohydrate  available  to  the  body  rather 
than  the  amounts  of  the  various  types  available. 

Although  carbohydrate  is  the  main  fuel  source  of  the  body,  it  is  stored 
in  the  body  in  only  small  amounts  and  must  be  ingested  or  made  as 
needed.  The  tissues  of  the  body  use  carbohydrate  under  all  physiologi¬ 
cal  conditions  resulting  in  a  constant  requirement  for  this  nutrient.  If 
sufficiently  large  amounts  of  carbohydrate  are  not  regularly  present  in 
the  diet,  the  need  for  this  compound  must  be  met  by  the  conversion  of 
other  nutrients  into  carbohydrates.  During  periods  of  exertion,  if  the 
carbohydrate  supply  is  insufficient  to  satisfy  the  fuel  requirements  of  the 
tissues  an  increased  breakdown  in  protein  and  body  fat  occur,  and  the 
body  functions  less  efficiently.  Therefore,  adequate  levels  of  carbohy¬ 
drate  function  to  spare  protein  and  fat. 

Cereals,  which  are  composed  predominantly  of  carbohydrate,  are  a 
concentrated  and  inexpensive  source  of  food  energy  or  calories.  Starch 


makes  up  90  per  cent  or  more  of  the  carbohydrate  or  nitrogen-free  extract 
of  cereals.  Sugars  are  found  mainly  in  the  germ,  while  cellulose  and  its 
related  materials  are  generally  found  in  the  bran  portion.  The  ability 
of  cereals  and  cereal  products  to  supply  high  levels  of  calories  at  a  low 
cost  is  an  important  function  which  should  not  be  overlooked.  How¬ 
ever,  cereals  on  a  dry  weight  basis  supply  less  calories  than  foods  such 
as  meat,  eggs,  cheese  and  milk.  These  latter  foods  are  usually  considered 
as  high-protein  foods,  but  they  also  contain  high  levels  of  fat.  Since  on 
a  weight  basis  fat  contributes  twice  as  many  calories  as  carbohydrate, 
cereal  foods  which  are  high  in  carbohydrates  are  lower  in  calories 

(Table  129). 

Although  dietary  carbohydrate  serves  primarily  as  a  source  ot  fuel  or 
calories  there  is  some  evidence  which  indicates  that  certain  carbohydrates 
may  be  of  considerable  nutritional  importance  in  addition  to  their  primary 
function  as  food  energy  suppliers.  Fed  a  low  protein  diet,  rats  grew  a 
a  better  rate  when  cornstarch  was  substituted  for  sucrose  as  the  source 
of  dietary  carbohydrate  ( Hall  and  Sydenstricker  1946).  In  these  e^' 
ments  the  rats  on  the  sucrose  diet  required  additional  vitamins  an  ai 
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Table  1291 2 

CALORIC  CONTENT  OF  CERTAIN  FOODS 

Calories 
Per  100  Grams 

Food  _  '  Dry  Weight 

Bread,  white,  4  per  cent  non-fat  milk  solids 
Bread,  whole  wheat 
Corn  flakes 
Farina 
Macaroni 
Oatmeal 
Rice,  white 
Cream  cheese 
Swiss  cheese 
Eggs,  whole 
Milk,  whole 
Flam 

Beef,  medium  fat 
Beef,  lean 


420 

379 

400 

413 

410 

425 

410 

757 

607 

622 

523 

732 

640 

590 


1  Adapted  from  Anon.  (1950). 


acids  to  improve  their  growth.  In  another  study  rats  maintained  on  low- 
protein  diets,  which  used  sucrose  as  the  carbohydrate  source,  required 

2  to  3  per  cent  more  protein  than  rats  fed  a  similar  diet  in  which  corn¬ 
starch  replaced  sucrose  (Harper  and  Katayama  1953). 

It  has  also  been  shown  that  the  requirement  of  rats  for  niacin  was 
greater  when  the  source  of  dietary  carbohydrate  was  fructose  or  sucrose 
than  when  it  was  glucose  or  cornstarch  ( Ilundley  1949).  It  appears  that 
the  requirements  for  many  members  of  the  vitamin-B  complex  may  be 
reduced  when  less  soluble  carbohydrates  such  as  dextrin  or  starch  are 
included  in  the  diet  (Harper  and  Elvehjem  1957). 

Cereal  foods  contain  a  high  percentage  of  starch,  which  may  be  effec¬ 
tive  in  improving  food  utilization  and  in  lowering  requirements  in  certain 
diets  for  nutrients  such  as  the  B-vitamins  and  amino  acids. 

FAT 

Fat  and  its  liquid  counterpart,  oil,  provides  the  body  with  its  most 
concentrated  source  of  food  energy  or  calories  in  comparison  to  other 
nutrients.  Fat  aids  in  the  body  s  utilization  of  other  nutrients  and  pro¬ 
vides  essential  unsaturated  fatty  acids  which  are  building  blocks  for 
structural  components  in  the  cells  of  all  tissues  and  essential  parts  of 
vital  organs.  These  compounds  are  carriers  for  the  fat-soluble  vitamins 
It  fat  is  present  in  the  diet  in  excess  of  bodily  fuel  requirements  it  is 

unlike  carbohydrate,  stored  in  the  body  tissues  to  be  drawn  on  to  satisfy 
tuture  energy  requirements.  } 

Since  cereal  foods  are  generally  low  in  fat  content  (Table  127)  the 
discussion  ol  this  nutrient  will  be  limited. 


634 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


Cereal  products  as  consumed  are  low  in  fat  content.  This  fact  has 
currently  become  of  great  importance  in  planning  diets.  One  reason  for 
this  is  the  possible  relation  of  certain  dietary  fats  to  atherosclerosis  and 
coronary  heart  disease.  Another  is  the  trend  toward  avoiding  obesity 
by  lowering  the  level  of  fat  in  the  diet. 

There  are  two  factors  to  consider  in  regard  to  fat-the  total  quantity 
and  the  type  in  the  diet.  In  populations  subsisting  on  an  intake  of  high 
quantities  of  saturated  fats,  the  incidence  of  coronary  artery  disease  is 
high.  Examples  of  these  saturated  fats  are  those  found  in  hydrogenated 
shortening,  butter,  whole  milk  and  meat  fats.  A  high  intake  of  fats, 
especially  saturated  fats,  has  been  shown  in  experimental  studies  to  cause 
an  increase  in  the  level  of  cholesterol  and  lipids  in  the  blood. 

This  accumulation  of  cholesterol  and  lipids  in  the  blood  may  acceler¬ 
ate  the  development  of  atherosclerosis  (Stare  1957).  Lowering  the  fat 
content  of  the  diet  or  replacing  a  large  part  of  the  saturated  fat  with  fats 
containing  high  levels  of  unsaturated  fatty  acids  has  been  shown  to  lower 
serum  cholesterol  concentration  in  adult  men  (Anderson  et  al.  1957). 
However,  these  are  at  best  only  preliminary  findings  and  there  is  a  need 
for  more  research  to  solve  the  enigma  of  the  relationship  between  type 
and  quantity  of  fat  and  atherosclerosis. 

On  the  other  hand  in  order  to  avoid  obesity,  the  total  caloric  intake 
should  be  decreased.  A  simple  means  to  achieve  this  is  by  lowering  the 
intake  of  fat,  which  is  a  concentrated  form  of  food  energy.  The  removal 
of  a  portion  of  the  fat  from  our  diet  will  allow  a  larger  intake  of  cereals 
and  other  low-calorie,  low-fat  foods.  It  should  be  emphasized  that  fats 
are  necessary  in  reasonable  quantities  in  the  diet  for  satiety,  improved 
utilization  of  the  fat-soluble  vitamins  and  other  essential  functions. 

VITAMINS 

General  Considerations 

Vitamins  are  defined  as  organic  compounds  which  are  required  for 
normal  growth  and  maintenance  of  life  in  animals,  including  man,  who 
often  are  unable  to  synthesize  these  substances  within  their  bodies.  They 
are  effective  in  minute  amounts,  do  not  supply  energy,  and  are  not 
employed  in  the  structural  building  units  of  the  body.  Vitamins  are 
essential  for  the  transformation  of  energy  and  the  regulation  of  metaho¬ 
lism  of  physiological  processes. 

Until  the  close  of  the  past  century  the  general  concept  of  nutrition  was 
chiefly  concerned  with  the  constituents  of  food  then  known,  namely: 
carbohydrates,  fats,  proteins  and  water.  It  was  believed  that  these  sin- 
stances,  when  present  in  proper  proportion,  supplied  all  the  needs  ot  tne 
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body.  Except  for  a  few  isolated  reports,  the  curative  effect  of  certain 
foods  in  special  diseases  remained  for  the  most  part  unrecognized.  n 
the  early  years  of  the  twentieth  century,  however,  this  simple  concept  of 
nutrition  became  untenable  when  it  was  demonstrated  by  a  number  of 
investigators  that  life  could  not  be  supported  entirely  with  these  four 
factors  alone,  and  that  natural,  unrefined  foods  contained  small  amounts 
of  substances,  heretofore  unrecognized,  which  were  essential  for  life. 
These  essential  substances  were  called  vitamins,  and  it  was  demon¬ 
strated  that  the  absence  of  these  factors  in  the  diet  produced  specific 
deficiency  diseases  such  as  beriberi,  scurvy,  pellagra,  rickets  and  others. 

The  discovery  of  the  role  of  vitamins  resulted  in  a  great  change,  not 
only  in  the  science  of  nutrition,  but  also  in  the  treatment  of  certain  patho¬ 
logical  conditions  which  are  now  known  to  be  symptoms  of  nutritional 
deficiencies.  For  the  first  time,  it  was  clearly  demonstrated  that  some 
human  diseases  were  caused,  not  by  toxins  or  by  micro-organisms,  but 
simply  by  the  insufficiency  of  one  or  more  vital  nutrients  in  the  diet. 

Severe  conditions  of  vitamin  deficiency  have  been  all  but  eradicated  in 
this  country  by  our  newer  knowledge  of  nutrition  and  by  the  prophylactic 
and  therapeutic  use  of  the  pure  vitamins.  Subclinical  vitamin  deficien¬ 
cies,  resulting  from  inadequate  diets  or  modern  dietary  habits  are,  how¬ 
ever,  widespread.  Processed  and  ready-prepared  foods  are  generally 
lower  in  vitamin  content  than  fresh  natural  products  and  total  subsistence 
on  the  former  may  lead  to  vitamin  deficiencies.  When  a  large  portion  of 
the  caloric  intake  consists  of  refined  sugar,  as  is  the  case  in  the  modern 
dietary  regimen,  deficiencies  of  certain  vitamins  often  result. 

Certain  conditions  may  also  intensify  vitamin  insufficiency,  in  spite  of 
the  ingestion  of  an  otherwise  normally  adequate  diet.  Increased  require¬ 
ments  for  vitamins  are  seen  during  periods  of  rapid  growth,  pregnancy, 
infection  and  fever,  and  gastrointestinal  disturbances  and  other  conditions 
which  alter  normal  vitamin  assimilation.  The  most  important  cause  of 
vitamin  deficiency,  however,  is  the  lack  of  an  adequate  diet,  because  of 

economic  status  and  the  preferences  for  refined,  nutritionally  inferior 
foods. 

Vitamins  are  classified  into  two  groups-fat-soluble  and  water-soluble. 
Vitamins  A,  D,  E  and  K  are  fat-soluble  vitamins;  the  B-complex  vitamins 
and  vitamin  C  are  water  soluble.  Cereal  products  are  important  sources 
of  the  water-soluble  vitamins.  With  few  exceptions  the  fat-soluble  vita¬ 
mins  are  not  found  in  significant  amounts  in  cereals  (Table  127). 

Water-Soluble  Vitamins 

Thiamin— Vitamin  B, .-Thiamin  was  the  first  member  of  the  vitamin-B 
complex  to  be  recognized  and  isolated  in  the  crystalline  form.  It  is  the 
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antineuritic  vitamin  and  the  specific  dietary  essential  which  prevents  ber¬ 
iberi  and  polyneuritis.  Although  it  was  known  that  this  specific  dietary 
factor,  a  deficiency  of  which  caused  beriberi,  was  present  in  rice  polishings 
it  was  not  until  1926  that  it  was  obtained  in  pure  crystalline  form  from 
this  source  by  Jansen  and  Donath  (1926).  By  1931,  Windaus  and  co¬ 
workers  had  isolated  thiamin  from  yeast  and  established  its  empirical 
formula  (Windaus  et  al  1931).  In  1936,  Williams  and  Cline  (1936) 
elucidated  its  chemical  structure  and  several  methods  of  synthesis  were 
devised  the  same  year  (Greive  1936,  Andersag  and  Westphal  1937;  Todd 
and  Bergel  1937).  It  is  now  marketed  commercially  as  the  hydrochloride 
or  mononitrate  since  the  free  thiamin  base  is  somewhat  unstable. 

Thiamin  is  widely  distributed  in  the  plant  world  and  is  found  most 
prevalently  in  the  outside  bran  coats  of  grains,  especially  rice  (Table 
127),  and  in  yeast.  Most  vegetables,  fruits  and  nuts  contain  small 
amounts,  although  leguminous  vegetables  are  considered  as  rich  sources. 
Since  it  is  not  stored  in  the  human  body  a  daily  external  source  of  this 
factor  is  required. 

Thiamin  is  involved  in  proper  metabolism  of  carbohydrates,  and  spe¬ 
cifically  it  is  concerned  with  the  utilization  of  one  of  the  intermediate 
breakdown  products  of  carbohydrates,  namely,  pyruvic  acid.  It  has  been 
definitely  identified  as  an  essential  part  of  the  coenzymes  associated  with 
oxidation  and  reduction  in  living  organisms. 

Numerous  nutritional  studies  have  shown  subclinical  deficiencies  of 
thiamin  in  the  diets  of  many  persons.  In  recent  years,  great  advances 
have  been  made  in  eliminating  this  deficiency  by  the  restoration  of  thia¬ 
min  in  the  products  that  have  been  deprived  of  their  natural  vitamin  con¬ 
tent  by  processing.  It  is  added  to  enrich  flour,  bread,  rice  and  corn  prod¬ 
ucts,  and  other  food  products. 

The  early  symptoms  of  thiamin  deficiency  are  anorexia,  lassitude, 
fatigue,  emotional  instability,  changes  in  mental  behavior  and  a  lack  of 
endurance.  Advanced  states  of  thiamin  deficiency,  resulting  in  beriberi 
or  polyneuritis,  are  characterized  by  degenerative  nerve  tissue  damage 
and  by  such  symptons  as  lameness,  motor  and  sensory  nerve  impairment, 
circulatory  upset,  and  finally  death  from  heart  failure. 

The  United  States  Food  and  Drug  Administrations  Minimum  Daily 
Requirements  for  thiamin  and  other  vitamins  and  the  National  Research 
Council’s  Recommended  Daily  Dietary  Allowances  are  tabulated  in  Ta¬ 
bles  130  and  131. 

In  its  dry  form,  thiamin  is  stable  to  heat.  Acid  solutions  are  stable  but 
in  alkaline  or  neutral  solutions  thiamin  is  destroyed  by  being  hydrolyzed 
into  its  pyrimidine  and  thiazole  rings.  It  is  not  subject  to  destiuction 
by  atmospheric  oxidation,  although  chemical  oxidation  yields  thiochrome, 
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Table  130 


MINIMUM  DAILY  REQUIREMENTS  OF  SPECIFIC  NUTRIENTS1 


Infants 

Children 
(1-5  yrs. 
inclusive) 

Children 
(6-11  yrs. 
inclusive) 

Children 
(12  yrs. 
anctover) 

Adults 

Pregnancy 

or 

Lactation 

Vitamin  A,  U.S.P. 
units 

1.500 

3,000 

3,000 

4,000 

4,000 

Vitamin  Bi,  mg. 

0.25 

0.50 

0.75 

1  .00 

1  .00 
1.2 

Vitamin  B2,  mg. 

0.6 

0.9 

0.9 

1  .2 

Niacin,  mg. 

5.0 

7.5 

10.0 

10.0 

Vitamin  C,  mg. 

10 

20 

20 

30 

30 

Vitamin  D,  U.S.P. 
units2 

400 

400 

400 

400 

400 

1 '50 

Calcium,  gm. 

0.75 

0.75 

0.75 

0.75 

Phosphorus,  gm. 

... 

0.75 

0.75 

0.75 

0.75 

1  . 50 

Iron,  mg. 

7.5 

10.0 

10.0 

10.0 

15.0 

Iodine,  mg. 

0.1 

0.1 

0.1 

0.1 

1  Adapted  from  Anon.  (1957). 

*  Cow’s  milk  containing  135  units  of  vitamin  D  per  quart,  and  evaporated  milk  containing  7.5  U.S.P.  uml 
per  avoirdupois  ounce,  usually  will  prevent  clinical  rickets  when  fed  to  normal  infants  in  customary  quantities. 


a  fluorescent  compound  which  forms  the  basis  for  its  analysis.  In  dry 
products,  particularly  in  the  presence  of  moisture,  the  mononitrate  form 
is  generally  more  stable,  while  in  aqueous  solutions  the  hydrochloride 
form  is  usually  more  stable.  For  instance,  in  enriched  flour  the  increased 
stability  of  the  mononitrate  is  attributed  to  its  low  relative  hygroscopicity 
as  compared  to  the  hydrochloride. 

Riboflavin — Vitamin  Ih.— Riboflavin,  also  known  as  vitamin  lh,  is  one 
of  the  more  important  essential  nutritional  factors  of  the  vitamin-B 
complex.  The  chemical  nature  of  the  yellow,  water-soluble,  green- 
fluorescing  pigment  of  whey,  now  designated  as  riboflavin,  was  investi¬ 
gated  as  far  back  as  1879,  but  it  was  not  until  1932  that  its  unique  signifi¬ 


cance  as  a  nutritional  essential  was  demonstrated.  Riboflavin  was  ob¬ 
tained  from  a  number  of  natural  sources  during  this  period  and  its  chemi¬ 
cal  properties  studied.  In  1935,  several  methods  of  synthesis  were  devised 
and  the  vitamin  was  shortly  thereafter  prepared  commercially.  In  recent 

years,  riboflavin  has  also  been  prepared  commercially  by  fermentation 
methods. 

Riboflavin  is  very  widely  distributed  over  the  entire  plant  and  animal 
kingdoms.  Apparently,  each  plant  and  animal  cell  contains  small 
amounts  Riboflavin  is  most  abundant  in  milk,  eggs,  liver  and  leafy  green 
vegetables.  It  is  used  extensively  as  an  additive  to  foods  to  restore  or 
increase  their  nutritional  value,  and  is  an  ingredient  in  enriched  flour 
bread,  corn  products  and  other  foods  (Table  127).  Riboflavin  may  occur 

in  the  free  state  or  as  a  phosphate  ester,  both  forms  of  which  may  be  com¬ 
bined  with  protein  material. 


Riboflavin  has  been  shown  to  be  an  essential 


part  of  an  enzyme  system 
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which,  operating  in  conjunction  with  thiamin  and  niacin,  carries  out  the 
oxidation  of  carbohydrates.  In  the  form  of  the  phosphate  ester,  ribo¬ 
flavin  acts  as  a  coenzyme  in  this  system.  The  ester  when  attached  to 
a  specific  protein,  forms  the  yellow  oxidation  enzyme  and  appears 
to  be  present  in  varying  amounts  in  practically  all  living  cells  and  tissues, 
and  is  significant  in  all  cell  combustion  processes  resulting  in  the  oxida¬ 
tion  of  sugars.  It  also  appears  to  complement  the  iron-containing  respira¬ 
tion  enzyme  in  the  red  blood  cells.  It  plays  an  important  role  in  the 
visual  mechanism  of  the  retina.  Since  riboflavin  is  not  synthesized  by 
the  cells,  it  must  be  supplied  by  the  diet  in  order  to  obtain  normal  growth 
and  development.  Although  the  system  does  not  contain  any  special 
organs  for  the  storage  of  riboflavin,  a  certain  level  is  maintained  in  the 
body.  Amounts  ingested  above  this  level  are  rapidly  excreted. 

The  clinical  manifestations  of  riboflavin  deficiency  have  been  subject  to 
considerable  controversy  due  to  the  inability  to  determine  whether  the 
observed  conditions  result  directly  from  a  deficiency  of  riboflavin  or  from 
indirect  functional  effects  on  several  other  factors  of  the  B-complex  group. 
In  general,  the  clinical  manifestations  of  ariboflavinosis  are  photophobia, 
lacrimation,  sore  tongue  and  mouth,  cheilosis  and  a  keratitic  opaque  for¬ 
mation  of  the  cornea  of  the  eye.  These  conditions  may  often  be  associated 
with  other  symptoms  which  arise  from  a  coexisting  deficiency  of  some 
other  factors  of  the  vitamin-B  complex  group.  While  frank  ariboflavinosis 
is  rather  uncommon,  it  is  possible  that  a  portion  of  our  population  is  af¬ 
fected  with  a  subclinical  deficiency  of  this  essential  nutrient.  This  arises 
from  a  lack  of  this  essential  nutrient  in  the  diet  and,  to  some  extent,  by  de¬ 
ficiencies  or  other  factors  which  may  affect  the  utilization  of  the  ribo¬ 


flavin  in  the  diet. 

The  United  States  Food  and  Drug  Administration’s  Minimum  Daily  Re¬ 
quirements  for  riboflavin  and  the  National  Research  Council  s  Recom¬ 
mended  Daily  Dietary  Allowances  are  listed  in  Tables  130  and  131. 

In  neutral  or  strongly  acid  solutions,  riboflavin  is  very  stable  toward 
heat  but  destruction  is  rapid  in  the  alkaline  pH  range.  Aqueous  solutions 
are  also  very  sensitive  to  natural  and  ultraviolet  light,  but  destruction  is 
much  more  rapid  in  alkaline  solution  than  under  acidic  conditions.  Ribo¬ 
flavin  imparts  a  yellow  color  to  aqueous  solutions  and  exhibits  a  distinct 
yellowish-green  fluorescence  in  natural  light.  The  fluorescence,  which  is 
greatly  intensified  in  ultra-violet  light,  is  at  a  maximum  at  pH  about  5.U 
but  it  disappears  upon  the  addition  of  acid  or  alkali. 

Niacin.-Niacin  and  niacinamide  are  members  of  the  vitamin-B  complex. 
Both  niacin  and  its  amide  can  be  used  by  the  body  and  both  serve  he 
same  purpose.  They  are  specific  dietary  factors,  a  c leficency  ol winch 
results  in  a  condition  known  as  pellagra.  Nicotinic  acid  was  first  prepared 
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in  1867  by  the  oxidation  of  nicotine,  from  which  it  derived  its  name. 
However,  its  physiological  role  and  nutritional  essentiality  were  not  elu¬ 
cidated  until  after  1930,  when  the  occurrence  of  niacinamide  in  a  number 
of  vital  enzyme  systems  was  discovered  and  its  specificity  for  the  treat¬ 
ment  of  pellagra  and  its  counterpart  in  dogs,  black  tongue,  was  demon¬ 
strated.  In  the  enrichment  of  foods,  niacin  is  the  form  usually  employed. 

Meat  and  poultry  are  the  main  sources  of  niacin  for  humans,  although 
yeast  and  peanuts  are  also  rich  in  niacin.  Cereals  furnish  an  appreciable 
quantity  (Table  127),  while  vegetables  and  fruit  are  poor  sources.  Niacin 
is  added  to  flour  and  bread  as  an  enrichment  ingredient,  and  has  also 
been  made  a  necessary  factor  in  the  enrichment  of  corn  meal  and  grits. 

Niacinamide  plays  an  important  role  in  several  enzyme  systems  of  the 
body.  It  is  present  in  the  diphosphopyridine  nucleotide  known  as  co¬ 
enzyme  I  or  cozymase,  and  in  the  triphosphopyridine  nucleotide  known 
as  coenzyme  II.  Both  of  these  coenzymes  are  essential  in  biological  oxi¬ 
dations,  particularly  in  the  oxidation  of  carbohydrates. 

Pellagra  has  been  mentioned  in  the  medical  literature  as  far  back  as 
1735  and  is  a  common  condition  among  the  poor  of  subtropical  countries, 
who  subsist  in  a  limited  and  unvaried  diet.  It  has  long  been  associated 
with  a  dietary  deficiency  of  some  factor  which  was  first  elucidated  by 
Goldberger  in  the  early  twenties  and  shown  to  be  niacinamide  by  Elveh- 
jem  in  1937.  Although  niacinamide  is  considered  as  specific  for  pellagra 
prevention,  certain  conditions  observed  in  combination  with  pellagra 
are  not  benefited  by  the  administration  of  niacinamide.  These  conditions, 
such  as  polyneuritis  and  ariboflavinosis,  are  now  known  to  be  due  to 
deficiencies  of  other  members  of  the  vitamin-B  complex;  namely  thiamin 
and  riboflavin.  Thus,  a  deficiency  of  one  factor  of  the  vitamin-B  complex 
seldom  occurs  in  fact  and  is  usually  accompanied  by  deficiencies  of  the 
other  members. 

Pellagra  still  exists  in  this  country,  particularly  in  the  southern  section, 
in  individuals  whose  diets  are  principally  composed  of  corn  meal  and  are 
low  in  meat.  The  need  for  niacin  has  been  shown  to  be  related  to  the 
quantity  of  tryptophan  in  the  diet,  and  new  importance  is  attached  to 
the  niacin  intake  where  corn  products  form  a  substantial  portion  of  the 
diet.  The  pellagragenic  action  of  corn  has  been  attributed  both  to  a  lack 
of  trytophan  in  corn  protein  and  to  the  presence  of  a  toxic  material.  It 
has  been  shown  that  the  niacin  needs  are  increased  in  low  tryptophan 
diets  and  there  is  evidence  that  tryptophan  is  actually  a  precursor  of  ni¬ 
acin.  In  view  of  these  facts,  the  niacin  content  of  the  diet,  especially  m 
corn  consuming  areas,  assumes  new  impoitance. 

The  clinical  manifestations  of  a  deficiency  of  this  vitamin  can  be  sum¬ 
marized  as  dermatitis,  diarrhea  and  dementia.  A  skin  condition  similar 
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to  sunburn  results  that  is  dry  and  scaly  and  becomes  progressively  worse. 
Inflammation  and  swelling  of  the  tongue  and  mouth  are  observed.  In 
extreme  cases,  headache,  vertigo,  loss  of  memory,  depression  and  iriita- 
bility  with  attendant  neuritis  may  be  encountered. 

The  United  States  Food  and  Drug  Administration’s  Minimum  Dady 
Requirements  for  niacin  and  the  National  Research  Council  s  Recom¬ 
mended  Daily  Dietary  Allowances  are  tabulated  in  Tables  130  and  131. 

Niacin  is  very  stable  in  the  dry  form  and  in  solution  may  be  sterilized 
at  248°F.  for  20  minutes  without  appreciable  loss  of  potency.  It  is  quite 
resistant  to  losses  caused  by  normal  food  processing. 

Pyridoxine — Vitamin  Be,. — Although  the  compound  has  been  known  for 
20  years,  the  need  for  vitamin  B«;  in  human  nutrition  has  only  recently 
been  established.  The  first  evidence  of  vitamin  Be  deficiency,  although 
not  recognized  as  such,  was  reported  in  1926  (Goldberger  and  Lillie 
1926).  In  1934,  Gyorgy  and  his  associates  demonstrated  that  a  deficiency 
of  vitamin  Be,  produced  the  symptoms  reported  earlier  ( Gyorgy  1934  and 
1935,  Birch  et  al  1935). 

In  1938,  a  crystalline  material  isolated  from  rice  bran  was  proved  to 
have  the  physiological  properties  of  vitamin  B(i  and  the  structure  of  this 
compound  was  defined  (Keresztesy  and  Stevens  1938,  Stiller  et  al.  1939). 
In  1939,  pyridoxine  was  synthesized  (Harris  and  Folkers  1939). 

As  study  continued,  it  was  found  that  vitamin  Be  was  made  up  of  three 
separate  compounds  with  similar  structures:  pyridoxine;  the  animated 
form,  pyridoxamine;  and  the  formyl  derivative,  pyridoxal.  The  three 
forms  are  usually  equal  in  activity  for  animals.  In  natural  animal  prod¬ 
ucts,  pyridoxamine  and  pyridoxal  are  in  excess  of  pyridoxine.  In  cereal 
products,  pyridoxine  is  the  predominant  form.  Pyridoxine  hydrochloride 
is  the  commercially  available  compound. 


Vitamin  Br>  is  widely  distributed  in  plant  and  animal  tissue.  Whole 
grains,  potatoes,  cabbage,  bananas  and  uncooked  meat  are  excellent 
sources  of  vitamin  B(;.  Legumes,  yeast,  fish,  milk  and  sweet  potatoes 
also  are  rich  in  vitamin  B,;. 

Numerous  investigators  have  shown  that  the  coenzyme  form  of  vitamin 
B6,  pyridoxal  phosphate,  is  concerned  in  amino  acid  metabolism  and  pro¬ 
tein  synthesis  (Victor  and  Adams  1956,  Schreier  et  al  1957,  Beaton  et  al 
19o3,  Bessey  1957).  For  instance,  vitamin  B(i  is  essential  for  the  utiliza¬ 
tion  and  metabolism  of  lysine,  methionine,  histidine,  cystine,  glvcine  and 

alanine  (Wooster  1954).  It  is  also  essentid  fm-  ^ 

v  essential  tor  the  conversion  of  trvnto- 

phan  to  niacin  (Schreier  et  al  1957,  Sinclair  1953).  In  fact  it  is  so 

regularly  involved  in  amino  acid  reactions  that  it  has  been  called  “the 
amino  acid  metabolism  vitamin  (Bessey  1957) 

Vitamin  B0  is  also  intimately  connected  with  the  metabolism  of  essen- 
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tial  fatty  acids.  It  has  been  suggested  that  vitamin  B6  is  necessary  for 
the  conversion  of  linoleic  acid  to  arachidonic  acid  ( Rabinowitz  and  Snell 
1948,  McIntyre  et  al.  1944).  Animal  studies  indicate  that  B6  is  essential 
to  normal  fat  and  energy  metabolism.  Other  studies  indicate  that  pyri- 
doxal  phosphate,  the  coenzyme  form  of  vitamin  B6,  is  essential  to  proper 
neuronal  function  in  the  central  nervous  system  (Coursin  1956).  In 
studies  with  children,  their  high  resistance  to  dental  caries  was  attributed 
to  the  high  vitamin  B0  content  of  the  diet  (Strean  1957). 

Despite  the  extensive  knowledge  of  the  need  for  vitamin  BG  in  human 
nutrition,  there  has,  as  yet,  been  no  minimum  daily  requirement  estab¬ 
lished  for  this  nutrient.  The  daily  need  of  the  human  body  to  insure 
proper  nutrition  has  been  estimated  at  2  to  3  mg.  (Page  1956,  Vilter  et  al. 
1953)  and  more  recent  evidence  indicate  an  even  higher  intake  may  he 
necessary. 

Pvridoxine  hydrochloride  is  stable  to  heat  and  in  acid  solutions.  Alka¬ 
line  or  neutral  solutions  are  decomposed  by  ultraviolet  light. 

Vitamin  Bio.— Vitamin  B]2  is  a  member  of  the  vitamin-B  complex.  It 
is  the  most  potent  vitamin  known,  microgram  quantities  being  required 
daily  for  the  treatment  of  not  only  pernicious  anemia,  but  also  other 
macrocytic  anemias.  While  the  role  of  vitamin  B12  in  metabolism  is  not 
yet  clear  the  compound  is  believed  to  function  in  enzyme  systems  involv¬ 
ing  the  synthesis  of  nucleic  acids  and  in  transmethylation.  It  is  now 


Table  132 


VITAMIN  B 12  CONTENT  OF  FOODS1.  2 


Meg. /1 00  Gm. 

Beef  liver 

31-120 

Beef  kidney 

18-55 

Non-fat  milk  solids 

2 . 5-4 . 0 

Wheat  flour 

Negligible 

Whole  wheat  flour 

Negligible 

1  Wild  et  al.  (1955). 

2  Hollenbeck  et  al.  (1955). 


generally  accepted  that  vitamin  B12  is  identical  with  the  “antipermcious 
anemia  factor”  first  reported  by  Minot  and  Murphy.  It  is  of  interest  nutri¬ 
tionally,  inasmuch  as  it  is  required  for  the  formation,  maturation  and 
regeneration  of  red  blood  cells,  growth,  neural  function,  nutritional 
maintenance  and  those  fundamental  processes  involved  in  the  metabolism 
of  fats,  carbohydrates  and  proteins  Wild  et  al.  (1955)  have  demon¬ 
strated  that  vitamin  B12  stimulates  the  intestinal  resorption  and  the 
utilization  of  amino  acids,  thus  indicating  a  stimulation  of  protein  sy 

thesis. 
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Foods  of  animal  origin,  especially  liver  and  kidney  are  rich  natural 
sources  of  vitamin  B12  while  cereal  products  are  either  pool  sources  01 

completely  lacking  in  this  vitamin  (Table  132). 

The  minimum  daily  requirements  for  vitamin  B12  have  not  been  deh- 
nitelv  established,  but  present  knowledge  suggests  a  daily  requirement 
of  five  micrograms  when  taken  orally.  Because  of  the  low  natural  level 
of  Bi2  in  flour,  cereals  and  grains,  enrichment  of  cereal  foods  is  very  logi¬ 
cal.  In  considering  the  addition  of  this  vitamin  to  any  food  product, 
attention  should  be  paid  to  those  factors  which  affect  its  stability:  namely, 
the  pH,  and  processing  temperatures,  as  well  as  the  possible  presence  of 
reducing  agents  such  as  ascorbic  acid  and  sulfites  which  inactivate  it. 

Ascorbic  Acid — Vitamin  C. — Although  vitamin  C  is  not  found  naturally 


to  any  great  extent  in  grain  products,  it  is  being  added  to  certain  com¬ 
mercial  cereal  products  and,  therefore,  it  will  be  discussed  here. 

In  1795,  the  British  Admiralty  issued  an  order  requiring  that  each  sea¬ 
man  and  marine  be  issued  lime  juice  daily.  As  a  result  of  this,  scurvy 
“magically”  disappeared  from  the  Royal  Navy.  Today,  we  know  that 
actually  it  was  the  ascorbic  acid  (vitamin  C)  in  the  lime  juice  which  was 
the  antiscorbutic  factor.  Currently,  ascorbic  acid,  now  well  known  as 
vitamin  C,  is  assuming  an  increasingly  important  role  in  food  processing 
and  nutrition. 

Vitamin  C  is  essential  to  all  animal  life,  but  with  the  exception  of  man, 
the  primates  and  the  guinea  pig,  all  animals  so  far  investigated  are  able 
to  synthesize  their  requirements.  For  man,  a  continuous  external  supply 
is  necessary  for  existence,  and  a  prolonged  deficiency  leads  to  scurvy  and 
ultimately  to  death.  Deficiencies  of  ascorbic  acid  are  characterized 
mainly  by  hemorrhagic  conditions,  such  as  swollen,  bleeding  gums  and 
capillary  fragility,  anemia,  loss  of  weight  and  appetite,  and  fatigue.  The 
role  of  ascorbic  acid  in  the  body  is  complex  and  not  well  understood,  but 
it  appears  to  have  an  essential  part  in  cellular  respiration  and  in  the 
formation  and  regulation  of  intercellular  matrices.  These  theories  are 
the  result  of  deficiency  studies  and  observations  in  conjunction  with  its 
characteristic  oxidation-reduction  property.  It  is  possible  that  ascorbic 
acid  is  involved  as  a  structural  portion  of  certain  enzymes. 

Recent  literature  gives  indications  that  many  diets  in  the  United  States 
are  deficient  in  vitamin  G,  based  on  the  Recommended  Daily  Dietary 
Allowances  of  the  National  Research  Council.  Nutritionists  are  recom¬ 
mending  that  dietary  practices  of  many  individuals  must  be  improved 
to  include  more  foods  rich  in  ascorbic  acid. 

Ascorbic  acid  is  widely  distributed  in  the  animal  and  plant  kingdoms 
citrus  fruits,  green  vegetables  and  other  fruits  being  excellent  sources’ 
Cereals  do  not  contain  significant  amounts  of  ascorbic  acid  (Table  127)' 


644 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


The  ascorbic  acid  content  of  the  diet  may  vary  widely,  however,  depend¬ 
ing  upon  the  kind  of  food,  its  storage  and  preparation.  This  is  especially 
true  since  ascorbic  acid  is  destroyed  by  natural  enzymes  in  the  fresh 
food,  by  heat  processing  and  by  leaching  losses  during  cooking.  Since 
nutritional  studies  have  shown  that  our  diet  is  deficient  in  ascorbic  acid, 
the  judicious  restoration  and  addition  of  this  essential  vitamin  to  food¬ 
stuffs  can  be  very  beneficial. 

As  an  added  nutrient  ascorbic  acid  has  found  a  place  in  a  variety  of 
food  products,  such  as  gelatin  desserts,  carbonated  beverages,  apple 
juice,  citrus  juice  blends,  other  fruit  drinks,  hard  candy,  breakfast  cereals, 
soft  drink  tablets,  beverage  syrups. 

The  United  States  Food  and  Drug  Administration’s  Minimum  Daily  Re¬ 
quirements  for  ascorbic  acid  and  the  National  Research  Council’s  Rec¬ 
ommended  Daily  Dietary  Allowances  are  given  in  Tables  130  and  131. 


The  Fat-Soluble  Vitamins 

Vitamin  A.— Vitamin  A,  one  of  the  fat-soluble  vitamins,  was  discovered 
almost  simultaneously  in  1913  by  McCollum  and  Davis,  and  by  Osborne 
and  Mendel.  It  is  an  unsaturated  cyclic  alcohol  which  is  found  only  in 
the  animal  kingdom,  occurring  in  the  form  of  the  free  alcohol  or  pre¬ 
dominantly  as  the  ester  of  the  higher  fatty  acids  and  related  unsaturated 
acids.  Vitamin  A  is  synthesized  from  its  carotenoid  precursors  by  vir¬ 
tually  every  species  of  fish,  bird  and  mammal. 

Vitamin  A  has  long  been  recognized  as  an  essential  nutritional  factor. 
The  biochemistry  of  this  material  is  evidently  contingent  upon  its  alcohol 
structure  which  explains  the  ability  of  vitamin  A  to  form  compounds 
with  fatty  acids,  proteins  and  bile  acids.  These  transformations  make 
possible  the  absorption  of  the  vitamin  from  the  intestine  as  the  bile 
acid  compound  of  the  free  alcohol,  its  transportation  in  the  blood  and 
lymph  as  fatty  acid  esters,  and  its  storage  in  the  liver  in  a  similar  form. 

The  growth-promoting  characteristics  of  vitamin  A  are  exerted  in¬ 
directly  through  its  apparent  ability  to  maintain  the  normal  metabolism, 
development  and  maturation  of  epithelial  cells.  Support  for  this  con¬ 
tention  is  based  on  the  observation  that  the  primary  effect  of  a  deficiency 
of  vitamin  A  is  a  keratinization  of  the  epithelial  tissue  leading  to  a  dis¬ 
eased  condition  of  the  cornea  known  as  xerophthalmia. 

The  ability  of  vitamin  A  to  form  a  complex  which  unites  with  protein 
to  form  rhodopsin  (visual  purple),  a  substance  in  the  rods  of  the  retina 
concerned  with  the  accommodation  of  light,  and  to  form  .odopsin  <  v  ual 
violet),  a  substance  in  the  retinal  cones  also  concerned  w,  h vision, 
constitutes  another  well-specified  function  of  tins  vitamin  n  the! body. 
Night  blindness  has  been  interpreted  as  a  manifestation  o 
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deficiency,  which  causes  poor  regeneration  of  rhodopsin.  Although  most 
diets  contain  an  adequate  amount  of  vitamin  A,  deficiencies  often  arise 
either  from  poor  intestinal  absorption,  or  other  physiological  dysfunction. 

Vitamin  D.— Vitamin  D  is  the  term  used  to  denote  substances  which 
possess  antirachitic  properties.  Vitamin  D  is  a  fat-soluble  vitamin  which 
is  formed  in  the  skin  or  artificially  by  the  irradiation  of  specific  sterols 
with  ultraviolet  light.  Two  active  compounds  of  the  most  interest  are 
vitamins  DL.  and  D3,  formed  by  the  irradiation  of  ergosterol  and  7-dehydro- 
cholesterol,  respectively.  The  function  of  vitamin  D  is  not  well  defined, 
but  lack  of  vitamin  D  results  in  loss  of  calcium  and  phosphorus  and 
causes  a  deficiency  condition  known  as  rickets  in  infants  and  osteomalacia 
in  adults.  This  condition  is  a  weakening  of  the  bone  structure. 

Irradiated  whole  milk,  egg  yolk  and  butter  contain  important  amounts 
of  vitamin  D  as  do  many  fish  oils.  In  addition,  important  amounts  of 
vitamin  D  are  obtained  through  the  ultraviolet  irradiation  of  the  body. 

During  infancy  and  childhood,  liberal  intakes  of  vitamin  D  in  con¬ 
junction  with  calcium  are  necessary  to  insure  optimal  development.  The 
Minimum  Daily  Requirements  for  vitamin  D  and  the  Recommended 
Daily  Dietary  Allowances  of  the  National  Research  Council  are  listed  in 
Tables  130  and  131. 


ENRICHMENT  OF  CEREAL  PRODUCTS 
In  the  United  States  modern  processing  techniques,  which  are  in  part 
a  result  of  widespread  tastes  and  preferences  in  food,  severely  reduce 
the  nutritional  value  of  many  staple  foods.  Notable  examples  of  this  are 
cereal  foods  which  are  produced  from  highly  refined  grains.  For  ex¬ 
ample,  in  the  manufacture  of  white  flour,  the  bran  and  germ  of  the  wheat 
kernel  are  removed  to  produce  the  desired  white  color  and  to  improve 
the  baking  quality  and  stability  of  the  flour  (Williams  1948).  The  pre¬ 
dominant  amount  of  B  vitamins  is  found  in  the  bran  and  germ  so  removed, 
resulting  in  an  inferior  product  in  regard  to  these  nutrients.  Since  these 
refined  foods  constitute  a  large  proportion  of  the  average  American  diet 
it  is  understandable  that  there  could  exist  a  widespread  deficiency  or 
borderline  deficiency  of  some  of  the  vitamins  in  the  diet.  In  1943  the 

National  Research  Council  (Kruse  et  al  1943)  summed  up  the  situa¬ 
tion  as  follows: 

‘All  the  evidence  from  numerous  surveys  over  the  nast  ten  vppk  to  m 

ttficiem  tosf  •  v°^ 

f00dS  Since  that 
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Actually,  these  are  two  possible  methods  available  to  correct  these 
deficiencies.  One  is  to  educate  the  public  to  change  its  dietary  prac¬ 
tices  to  include  more  of  those  foods  which  are  nutritionally  adequate. 
Secondly,  foods  which  are  staple  but  nutritionally  inadequate  may  be 
artificially  enriched  or  fortified.  This  latter  approach  is  more  rapid  and 
feasible  since  food  habits  are  rigid  and  not  easily  subject  to  change  even 
after  extensive  educational  programs. 

Wheat  Products 

During  the  milling  of  wheat  into  flour,  the  germ  and  the  bran  are  re¬ 
moved.  Since  these  components  of  the  wheat  kernel  contain  high  levels 
of  thiamin,  riboflavin  and  niacin,  the  resulting  flour  contains  considerably 
less  of  these  major  nutrients. 

In  1941,  based  on  the  recommendations  of  the  Food  and  Nutrition 
Board  of  the  National  Research  Council  some  millers  and  bakers  began 
the  enrichment  of  white  flour  and  bread  (Wilder  and  Williams  1944). 
Later  in  the  same  year  a  Definition  and  Standards  of  Identity  (Table  133) 


Table  133 


FEDERAL  STANDARDS  FOR  FLOUR1  AND  BREAD2  ENRICHMENT 


Flour 

Bread 

Minimum 
Mg.  /Lb. 

Maximum 
Mg. /Lb. 

Minimum 
Mg. /Lb. 

Maximum 

Mg. /Lb. 

Thiamin 

Riboflavin 

Niacin 

Iron 

Calcium3 

Vitamin  D3  (U.S.P.  units) 

2.0 

1  .2 

16.0 

13.0 

500 

250 

2.5 

1.5 

20.0 

16.5 

625 

1,000 

1.7 

0.7 

10.0 

8.0 

300 

150 

1  .8 

1.6 

15.0 

12.5 

800 

750 

1  Anon.  (1941). 

2  Anon.  (1952). 

3  Optional  ingredients. 


were  established  for  any  flour  to  be  marketed  as  enriched  with i  thiam  n, 
riboflavin,  niacin  and  iron  with  calcium  and  vitamin  D  as  op  .ona  1  in¬ 
gredients  (Anon.  1941).  At  the  same  time,  the  War  Food  AdminiO 
tion  ordered  that  all  bakers’  white  bread  be  enriched  to  specified  lev  1 
for  the  duration  of  the  war.  Later  rolls  were  included  in  this  ord 
Wilder  and  Williams  1944).  In  1946  the  Federal  requirement  or 

state  commerce.  In  order  ro  .wpntv-seven  states  and 

and  bread  sold  only  in  intrastate  commerce,  twenty  seven 
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Hawaii  and  Puerto  Rico  have  passed  statutes  requiring  the  enrichment 
of  all  bread  and  flour  sold  within  their  borders. 

The  enrichment  Standards  for  bread,  rolls  and  buns  are  based  on  the 
flour  Standards  previously  established,  with  the  result  that  bread  made 
from  enriched  flour  will  meet  the  limits  set  under  the  enriched  bread 
Standards. 

In  addition  to  requirements  for  minimum  and  maximum  levels  of 
thiamin,  riboflavin  and  niacin,  the  Standards  require  the  addition  of  iron 
to  those  products  labelled  as  enriched.  Calcium  and  vitamin  D  were 
listed  as  optional  enrichment  ingredients  and  they  may  be  added  at  the 
discretion  of  the  manufacturer. 

Alimentary  Pastes.-Definitions  and  Standards  of  Identity  have  also  been 
set  for  enriched  alimentary  paste  products  including  enriched  macaroni, 
spaghetti,  noodles  and  vermicelli  (Table  134). 

Table  134 


FEDERAL  STANDARDS1  FOR  ALIMENTARY  PASTE  PRODUCTS  ENRICHMENT 


Minimum 

Mg. /Lb. 

Maximum 

Mg. /Lb. 

Thiamin 

1.7 

2.2 

Riboflavin 

4 

5 

Niacin 

27 

34 

Iron 

13 

16.5 

Calcium2 

500 

750 

Vitamin  D2  (U.S.P.  units) 

250 

1  ,000 

1  Anon.  (1946). 

Optional  ingredients. 


Table  135 

VITAMIN  LOSS  IN  COOKING  OF  ENRICHED  MACARONI1 


Vitamin  Content  (Dry  Basis) 

Thiamin 

Mg. /Lb. 

Riboflavin 

Mg. /Lb. 

Niacin 

Mg./Lb. 

Enriched  macaroni,  raw 
Enriched  macaroni,  cooked 

0.96 

0.43 

0.40 

0.25 

6.6 

3.6 

1  Adapted  from  Anon.  (1950). 

— 

Alimentary  pastes  are  enriched  at  a  higher  level  with  respect  to  vita- 

m.ns  since  m  cooking  and  rinsing  these  products  there  is  a  significant  loss 
of  these  additives  (Table  135). 

Farina  Farina,  which  consists  of  coarsely  ground  uniform  size  particles 
o  l  e  endosperm  of  wheat,  is  used  mainly  as  a  breakfast  eere‘,1  The 
Standards  for  enriched  farina  are  listed  in  Table  136. 
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Table  136 

FEDERAL  STANDARDS1  FOR  ENRICHED  FARINA 


Minimum  Maximum 

Mg. /Lb.  Mg. /Lb. 


Thiamin 

2.0 

2.5 

Riboflavin 

1.2 

1.5 

Niacin 

16.0 

20.0 

Iron 

13.0 

Calcium2 

500 

Vitamin  D2  (U.S.P.  units) 

250 

. . 

1  Anon.  (1955A). 

2  Optional  ingredients. 


Methods  of  Enrichment.— Wheat  flour  may  be  enriched  at  the  mill  by 
the  addition  of  enrichment  concentrates  which  contain  high  levels  of 
thiamin,  riboflavin,  niacin  and  iron.  Vitamin  D  and  calcium  may  be 
added  to  these  concentrates,  when  desired,  as  optional  ingredients.  The 
enrichment  concentrate  is  fed  into  the  flour  stream  by  means  of  various 
types  of  automatic  enrichment  feeders.  Bread,  rolls  and  buns  may  be 
prepared  from  enriched  flour,  in  which  case  they  meet  the  limits  set  under 
the  enriched  bread  Standards.  Bread,  rolls  and  buns  may  also  be  en¬ 
riched  in  the  bakery  by  the  addition  of  enrichment  wafers  or  tablets  to 
the  yeast  pot  or  directly  into  the  mixer.  The  usual  use  level  is  one  wafer 
or  tablet  per  hundredweight  of  flour  in  the  particular  formula  used. 
For  odd  weights  of  flour  the  wafers  or  tablets,  which  are  scored,  may  be 
broken  into  fractions  for  correct  addition  level.  Recently,  a  product 
has  been  introduced  which  contains  an  enrichment  concentrate  in  a  water- 
soluble  envelope.  The  enrichment  concentrate  can  be  tailored  so  that  one 
bag  enriches  a  batch  to  the  nearest  25-lb.  increment  of  flour  used.  This 
water-soluble  envelope  may  be  added  either  to  the  yeast  pot  or  to  the 
sponge  during  makeup.  The  enrichment  concentrate  is  completely 
dispersed  in  the  dough,  whether  added  as  the  wafer,  tablet  or  envelope 
after  two  or  three  minutes  of  mixing  time. 


Rice  Products 

Rice,  which  is  the  chief  cereal  food  of  the  world’s  population,  is  usually 
eaten  as  white  or  milled  rice.  This  white,  highly  refined  orm  o  nce 
results  when  the  outer  layers  of  the  rice  grain  are  removed  in  m dl  & 
Rice  naturally  contains  a  high  level  of  niacin,  an  ample  leve 
and  a  low  level  of  riboflavin.  However,  the  greater  amounts  of  these 

“aminslr '  present  in  the  hull  and  are,  therefore,  ***«%**£& 
tion  of  polished  white  rice.  With  white  rice,  as  with  .  fined  whea 
nets,  the  simplest  method  to  ensure  that  persons  eating 
tain  the  vitamins  and  minerals  lost  during  the  processing  .  . 
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the  milled  grain.  Federal  Standards  for  enriched  rice  have  recently  been 
promulgated  in  the  United  States  under  the  Food,  Drug  and  Cosmetic 
Act  (see  Federal  Register,  Anon.  1957A  and  1958A).  Enriched  rice  is  a 
form  of  milled  rice  (except  rice  coated  with  talc  and  glucose  and  known 
as  coated  rice)  to  which  thiamin,  riboflavin,  niacin  or  niacinamide  and  iron 
have  been  added.  Vitamin  D  and  calcium  are  listed  as  optional  ingredi¬ 
ents  and  may  be  added  within  minimum  and  maximum  limits.  1  he  limits 
of  enrichment  ingredients  per  pound  are  listed  in  Table  137.  The  ribo- 

Table  137 


FEDERAL  STANDARDS1  FOR  RICE  ENRICHMENT 


Minimum 

Mg./Lb. 

Maximum 

Mg. /Lb. 

Thiamin 

2.0 

4.0 

Riboflavin2 

1.2 

2.4 

Niacin 

16 

32 

Iron 

13 

26 

Calcium3 

500 

1  ,000 

Vitamin  D3 

250 

1  ,000 

1  Anon.  (1957A,  1958A). 

2  Held  in  abeyance. 

3  Optional  ingredients. 


flavin  requirement  has  been  held  in  abeyance  pending  a  public  hearing 
to  determine  if  this  constituent  will  be  included  in  the  final  Standard. 
Nutritionally,  the  inclusion  of  riboflavin  in  the  Standard  is  necessary. 
From  the  practical  point  of  view,  in  certain  enriching  procedures  the 
inclusion  of  riboflavin  during  the  preparation  of  the  premix  imparts  an 
objectionable  yellow  color  to  the  rice  kernels.  This  objection  may  be 
overcome  by  educating  the  consumer  to  accept  the  yellow  color  or  by 

using  an  enriching  procedure  which  does  not  impart  the  yellow  color  to 
the  kernel. 


Unless  the  label  bears  statements  in  the  prescribed  manner  to  avoid 
washing  away  or  draining  off  the  enriching  ingredients,  these  ingredients 
must  be  added  in  a  quantity  and  form  so  that  the  rice  contains  not  less 
than  85  per  cent  of  the  minimum  quantities  of  these  substances  when 
washed  by  the  method  described  on  the  label. 

Methods  of  Enrichment.-There  are  a  number  of  methods  presently  used 
to  enrich  rice.  In  one,  the  enrichment  powder  or  concentrate  is  added 
to  a  batch  of  rice  in  a  trumble  or  some  other  type  of  rotating  drum  ap- 
paratus  and  allowed  to  mix  for  at  least  15  minutes.  The  enrichment 
powder  is,  to  an  extent,  ground  into  the  individual  rice  kernels  by  the 
abrasive  action  of  the  kernels  rubbing  against  each  other.  Sufficient 
rasive  action  is  produced  only  in  a  drum  type  apparatus  Once  the 
rice  is  adequately  coated,  more-than-normal  agitation  will  not  cause  the 
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enrichment  to  Hake  off.  Using  this  method  of  addition  riboflavin,  which 
is  a  bright  orange-yellow  color,  is  not  readily  observed  on  the  coated 
rice.  On  cooking,  it  imparts  a  light  cream-colored  cast  to  the  rice,  but 
the  color  is  not  objectionable  because  it  is  evenly  distributed. 

In  another  method  a  premix  is  prepared  by  applying  the  vitamins  in 
a  dilute  sulfuric  acid  solution  to  the  rice  in  a  rotating  trumble.  The  rice 
is  dusted  with  an  iron-talc  mixture  and  then  coated  with  edible  film, 
consisting  of  fat,  abietic  acid,  zein  and  isopropyl  alcohol,  which  is  in¬ 
soluble  in  cold  water.  One  part  of  this  enriched  premix  is  mixed  with 
199  parts  of  unenriched  rice  to  yield  an  enriched  rice  which  contains  the 
required  levels  of  nutrients.  In  this  method,  if  riboflavin  is  added,  the 
rice  kernels  in  the  premix  are  yellow  in  color  since  they  contain  200  times 
as  much  riboflavin  as  the  unenriched  kernels  to  which  they  are  added. 

Table  1 38 


FEDERAL  STANDARDS1  FOR  CORN  MEAL  AND  CORN  GRITS  ENRICHMENT 


Minimum 

Mg. /Lb. 

Maximum 

Mg. /Lb. 

Thiamin 

2.0 

3.0 

Riboflavin 

1.2 

1.8 

Niacin 

16 

24 

Iron 

13 

26 

Calcium2 

500 

750 

Vitamin  D2(U.S.P.  units) 

250 

1 ,000 

>  Anon.  (1947). 

2  Optional  ingredients. 


Corn  Products 


Whole  corn  is  naturally  deficient  in  niacin  and  the  essential  amino 
acid,  tryptophan,  and  low  in  thiamin  and  riboflavin.  Corn  is  often  milled, 
bolted  and  degermed  to  remove  the  major  portion  of  the  bran,  germ  and 
oil,  processes  which  further  reduce  the  levels  of  these  vitamins  in  the 
finished  product. 

In  the  Southern  United  States  where  corn  and  its  refined  products  such 
as  corn  meal  make  up  a  significant  portion  of  the  diet,  the  deficiency  dis¬ 
ease  pellagra  was  widespread  before  the  beginning  of  the  enrichment 
program  in  1947.  As  discussed  previously,  niacin  is  one  of  the  most 
important  substances  for  the  prevention  of  this  disease. 

The  Federal  Government  as  well  as  certain  Southern  States  have  estab¬ 
lished  Standards  for  various  enriched  corn  meals  and  grits.  The  Fe  era 
Standards  of  Identity  for  enriched  corn  meal  and  enriched  corn  gri  s 


are  listed  in  Table  138.  .  .  .l  a 

Methods  of  Enrichment. — Corn  meal  may  he  enriched  using  a  methoc 

similar  to  that  used  for  flour  enrichment.  An  enrichment  concentrate 
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is  fed  into  the  millstream  or  may  be  mixed  in  batches.  Various  types  of 
enrichment  concentrates  are  available  which  are  tailored  for  the  different 
types  of  corn  meal  depending  upon  the  degree  of  milling  the  product 
undergoes.  For  instance,  bolted  corn  meal  enrichment  concentrates  con¬ 
tain  lower  levels  of  the  enrichment  ingredients  than  do  degermed  corn 
meal  enrichment  concentrates,  because  bolted  corn  meal  is  less  refined 
than  degermed  corn  meal. 

Coni  grits  are  sometimes  washed  prior  to  use  and  are,  therefore,  en¬ 
riched  bv  the  use  of  a  premix  similar  to  the  rice  premix.  The  premix  of 
corn  grits  is  sprayed  with  a  concentrated  vitamin-mineral  mixture  and 
then  coated  with  a  film  which  is  insoluble  in  cold  water  but  which  dis¬ 
solves  when  the  product  is  boiled.  This  insoluble  film,  which  consists 
of  a  solution  of  zein  and  palmitic  acid  in  isopropyl  alcohol,  protects  the 
vitamins  and  minerals  from  being  removed  when  the  grits  are  washed. 
This  enriched  premix  is  blended  with  the  unenriched  corn  grits  at  a 
level  of  one  part  premix  to  799  parts  of  unenriched  product. 

Breakfast  Cereals 

Although  there  are  as  yet  no  Standards  of  Identity  for  enriched  break¬ 
fast  cereals  (other  than  farina),  the  Food  and  Nutrition  Board  of  the 
National  Research  Council  in  1942  (Wilder  and  Williams  1944)  sug¬ 
gested  that  this  type  of  cereal  product  should  contain  the  levels  of  thia¬ 
min,  niacin  and  iron  listed  in  1  able  139.  These  levels  are  computed  to 
raise  the  content  of  these  nutrients  in  the  processed  cereal  to  at  least  the 
levels  in  whole  grain.  These  cereals  were  referred  to  as  restored  cereals 
rather  than  as  enriched.  No  suggestion  for  a  level  of  riboflavin  addition 
was  made  at  that  time. 


Table  139 


SUGGESTED  AMOUNTS  OK  NUTRIENTS  FOR  CEREALS  RESTORED  IN  THIAMIN,  NIACIN  AND  IRON1 


Cereal 


Thiamin 

Mg./Lb. 


Wheat 

Oats 

Rice 

Corn 


Niacin 

Mg./Lb. 


2 . 0-3 . 0 
3 . 0-4 . 0 
1 . 5-2 . 5 
1 . 7-2 . 6 


Iron 

Mg./Lb. 


24-36 
4-  8 
20-30 
8-12 


1  Adapted  from  Wilder  and  Williams  (1944). 


16-24 

12-24 

10-20 

6-15 


VITAMIN  FORTIFICATION  OF  CEREAL  PRODUCTS 
While  the  enrichment  program  has  resulted  in  improving  the  levels 
certain  B  vitamins  and  minerals  in  cereals,  these  food  products  are 

md  B  ”  A!  en'  Certain,0ther  vihlmins  ™ch  as  vitamins  A,  D,  C  ‘b,- 
and  B„  Also,  many  cereal  products  which  are  not  include  h,  the 
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Standards  of  Identity  for  enrichment  are  deficient  in  thiamin,  riboflavin 
and  niacin. 

Although  vitamins  A,  D,  C  and  B12  are  not  found  in  cereals  in  their 
natural  form  there  is  no  reason  why  they,  or  any  other  nutrient  not  found 
naturally,  should  not  be  added.  In  populations  where  there  is  a  decided 
deficiency  or  marginal  intake  of  a  specific  nutrient  it  is  essential  that 
these  nutrients  be  supplied  in  the  diet  in  foods  which  are  either  inex¬ 
pensive  or  universally  eaten.  Cereal  foods  satisfy  these  requirements. 
Certain  breakfast  foods  at  present  on  the  market  are  supplemented  with 
some  of  these  vitamins.  For  instance,  one  ready-to-eat  breakfast  cereal 
contains  the  following  vitamins  per  ounce  of  cereal:  vitamin  D,  400 
U.S.P.  units;  vitamin  B12,  2.5  meg.;  vitamin  C,  10  mg.;  thiamin,  0.4  mg.; 
riboflavin,  0.5  mg.  Other  manufacturers  should  consider  the  addition  of 
vitamin  A  and  vitamin  B12  to  their  cereal  products  to  improve  the  level 

Table  140 

VITAMIN  B6  CONTENT  OF  CERTAIN  CEREAL  GRAINS1 


Vitamin  Be 

Cereal  Mg. /Lb. 


Wheat  bran 

6 

.26- 

-7 

.  13 

Wheat  germ 

3 

.86- 

-7 

.26 

Wheat  meal 

0 

.77- 

-1 

.54 

Whole  wheat  flour 

1 

.73- 

-2 

.72 

Whole  wheat  bread 

1 

.91 

White  flour 

0 

.55- 

-1 

.18 

White  bread 

0 

.45 

Rolled  oats 

0 

.42- 

-0 

.68 

Hulled  oats 

0 

.42 

Ground  rye  seed 

1 

36- 

-1 

.68 

Finished  rice 

1 

.54 

1  Adapted  from  Sebrell  and  Harris  (1954). 


of  these  vitamins  in  our  national  dietary.  The  addition  of  vitamin  B12  to 
cereal  products  in  the  presence  of  lysine  and  other  amino  acids  has  been 
shown  to  improve  the  utilization  of  lysine  and  other  amino  acids. 

There  is  evidence  which  indicates  that  the  American  diet  is  marginal 
in  regard  to  vitamin  B„  intake  (Page  1956,  Booher  and  Behan  1949). 
This  is  due  in  part  to  the  fact  that  processing  may  seriously  lower  the  Be 
content  of  food.  These  seem  to  be  adequate  reasons  for  food  processors 
to  fortify  their  products  with  vitamin  Be.  One  author  has  already  recom¬ 
mended  that  bread  be  enriched  with  vitamin  Be  (Page  1956). 

The  fact  that  processing  may  affect  the  Bfi  content  of  cereals  is  shown 
in  Table  140  Wheat  bran  and  wheat  germ  contain  a  higher  leve  o 
Bo  per  pound  than  does  wheat  meal  or  white  flour  Other  investigators 
assayed  55  samples  of  wheat  by  the  rat-growth  method  and  reported 


ADEQUACY  OF  PROCESSED  CEREALS 


653 


pyridoxine  content  of  the  various  fractions  as  follows: 


Wheat  germ 
Whole  wheat  flour 
Patent  flour 


Mg./Lb 

4.36 

2.09 

'0.99 


These  results  agree  with  the  data  in  Table  140.  In  general,  patent  flour 
contains  only  one-half  the  pyridoxine  content  of  whole  wheat  flour.  An¬ 
other  investigator  has  found  that  the  middlings  of  wheat  contained  about 
three  times  as  much  B(;  as  the  whole  meal  (Copping  1943). 

Almost  all  white  breads  on  the  market  are  enriched  so  as  to  contain 
a  minimum  of  1.1  mg.  and  a  maximum  of  1.8  mg.  of  thiamin  per  lb.  Since 
the  adult  minimum  daily  requirement  for  thiamin  is  one  milligram,  bread 
has  been  enriched  to  supply  a  substantial  portion  of  the  daily  need 
of  this  essential  nutrient.  As  stated  previously,  the  intake  of  vitamin  Bc 
should  be  between  2  and  3  mg.  daily  (Page  1956,  Vilter  et  al.  1953). 
However,  a  one-pound  loaf  of  bread  supplies  only  0.45  mg.  of  this  B 
vitamin.  It,  therefore,  appears  advisable  to  raise  the  vitamin  Bc  content 
of  bread  to  at  least  that  of  thiamin.  It  has  been  recommended  that  bread 
fortified  with  vitamin  Bfi  would  be  one  excellent  means  of  relieving  the 
marginal  intake  of  B«  in  the  American  diet.  Processed  cereals,  such  as 
breakfast  cereals,  are  also  poor  in  vitamin  Bc>  content.  In  addition  to  the 
fact  that  milled  cereals  are  lower  in  B6  content  than  the  natural  grain,  it  is 
likely  that  processing  of  cereals  by  toasting  or  drying  into  ready-to-eat 
products  further  lowers  their  Be  content.  In  line  with  the  general 
philosophy  of  enrichment,  it  would  be  good  nutritional  practice  to  fortify 
cereal  products  with  vitamin  Be. 


MINERALS 


The  body  requires  a  number  of  inorganic  mineral  substances,  all  of 


in  many  diets  and,  therefore,  much  of  the  disc 
06  devoted  to  these  two  elements. 


ss  than  optimal  amounts 
ussion  on  minerals  will 
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Iron 

Iron  constitutes  a  part  of  the  hemoglobin  molecule  and,  as  such,  is 
necessary  for  blood  transport  of  oxygen  and  carbon  dioxide.  It  is  also 
vital  as  a  catalyst  in  cellular  oxidation.  The  level  of  iron  in  the  body  is 
regulated  by  absorption  of  iron  from  food. 

The  level  of  iron  in  the  diet  during  certain  periods  of  life  may  be  low. 
In  one  study,  75  per  cent  of  the  subjects,  age  2.5  to  5  years,  received  less 
than  the  National  Research  Council's  Recommended  Daily  Dietary  Allow¬ 
ance  for  iron.  It  was  further  stated  that  during  the  first  year  of  life, 
there  is  a  sharp  rise  in  iron  intake  due  to  the  high  iron  content  of  com¬ 
mercially  prepared  infant  cereal  foods.  The  iron  intake  decreases  as 
these  cereals  are  replaced  by  other  foods  in  the  diet.  During  periods  of 
growth,  pregnancy  and  lactation,  the  need  for  iron  increases. 

Good  sources  of  iron  are  meat,  eggs,  green  vegetables  and  various  en¬ 
riched  cereals  (Table  127).  The  enrichment  of  various  cereals  with 
iron  has  served  to  raise  effectively  the  level  of  this  mineral  in  the  United 
States  diet.  The  Minimum  Daily  Requirements  and  Recommended 
Daily  Dietary  Allowances  for  iron  are  listed  in  Tables  130  and  131. 


Calcium 

Calcium  is  necessary  in  the  body  chiefly  for  the  proper  development 
and  growth  of  bones  and  teeth.  In  addition,  calcium  is  an  essential  factor 
in  proper  clotting  of  blood,  nerve  conductivity,  muscle  contraction  and 
maintenance  of  the  normal  rhythm  of  heartbeat.  In  the  formation  and 
maintenance  of  the  skeletal  structure,  calcium  is  closely  associated  with 
phosphorus.  Of  the  total  calcium  present  in  the  body,  only  one  per  cent 

is  found  outside  the  skeletal  structure. 

Of  all  the  minerals,  calcium  is  the  one  most  apt  to  be  in  short  supply 
in  the  diet.  In  one  survey,  it  was  found  that  the  calcium  intake  of 
women  in  the  seventeen-  to  nineteen-year  age  group  was  markedly  be¬ 
low  their  daily  allowance  as  recommended  by  the  National  Reseaich 
Council  (Fisher  and  Dodds  1958).  The  need  for  calcium  is  the  greatest 
in  infants,  who  are  born  with  a  soft  skeletal  structure  later  hardened  by 
the  deposition  of  large  amounts  of  calcium  salts. 

Milk  contains  relatively  high  levels  of  calcium  and  the  addition  of  non¬ 
fat  dry  milk  solids  to  bread  and  other  processed  cereals  has  raised  the 
content  of  this  mineral  in  the  diet.  Also,  calcium  is  listed  as  an  optiona 
ingredient  for  various  enriched  cereals.  Its  addition  to  these  anc  otier 
cereal  products  has  improved  and  will  improve  the  level  of  tins  mmeral 
in  the  diet.  The  Daily  Minimum  Requirements  and  Recommended  Daily 
Dietary  Allowances  for  calcium  are  listed  in  Tables  130  and  13  . 
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Phosphorus 

Phosphorus  is  necessary  in  the  body  for  fat,  carbohydrate  and  protein 
metabolism,  proper  muscle  formation,  acid-base  regulation,  vitamin  and 
enzyme  activity,  brain  and  nerve  metabolism  and  in  proper  blood  forma¬ 
tion.  It  is  interrelated  with  calcium  in  the  formation  of  skeletal  struc¬ 
ture.  The  normal  diet  will  usually  supply  sufficient  phosphorus.  The 
Minimum  Daily  Requirements  for  phosphorus  are  listed  in  Table  130. 


FOOD  ENERGY 


One  of  the  important  functions  of  food  in  the  body  is  to  supply  fuel  or 
energy  to  maintain  body  activity.  This  need  for  energy  is  mainly  sup¬ 
plied  in  the  human  body  by  three  major  nutrients  which  comprise  the 
largest  percentage  of  the  solids  in  food— fat,  carbohydrate  and  protein. 
These  nutrients  contain  potential  energy  which  is  released  by  their  oxida¬ 
tion  in  the  body  cells  to  water  and  carbon  dioxide  and,  in  the  case  of 
protein,  also  nitrogenous  compounds.  The  oxidation  or  combustion  re¬ 
leases  heat  which  can  be  measured  in  the  bomb  calorimeter  as  heat  of 
combustion  which  is  a  measure  of  the  gross  energy  value  of  a  food  or  a 
particular  nutrient.  The  unit  of  measure  for  the  energy  value  of  food* 
stuffs  is  the  calorie  or  large  calorie  which  is  the  amount  of  heat  needed 


to  raise  the  temperature  of  one  kilogram  of  water  one  degree  Centigrade. 

The  physiological  fuel  values  of  carbohydrate,  fat  and  protein  which 
are  the  calorimeter  values,  corrected  for  digestibility  in  the  body  and 
incomplete  oxidation  of  protein,  are  4,  9  and  4,  respectively.  These  fac- 
tois  are  useful  in  estimating  the  average  fuel  values  of  diets  but  are  not 
satisfactory  for  specific  foods  or  special  diets.  More  precise  data  on  the 
caloric  value  of  foods  are  obtained  by  taking  the  coefficient  of  digest¬ 
ibility  and  completeness  of  oxidation  of  a  specific  food  in  the  body  into 
consideration  (Anon.  1950). 

The  daily  energy  requirement  of  humans  depends  on  factors  such  as 
age,  weight  and  height  and  are  taken  into  consideration  in  The  National 

Research  Council's  Recommended  Daily  Dietary  Allowances  for  calories 
listed  m  Table  131. 

Cereal  foods  are  a  concentrated  source  of  food  energy  due  to  their 
ugh  content  of  carbohydrate.  The  caloric  contents  of' certain  cereal 
oo  s,  based  on  100  gm.  of  edible  portion  are  listed  in  Table  127  Cereal 
foods  besides  supplying  significant  amounts  of  various  nutrients  arc 
important  in  the  normal  diet  as  a  source  of  calories 
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Spencer  H.  Morrison 


CHAPTER  24 


Supplementation  of 
Cereal-Based  Animal  Feeds 


The  cereal  grains  and  their  by-products  form  by  far  the  greater  share 
of  the  concentrates  which  are  fed  to  farm  livestock  in  the  United  States. 
Even  for  those  classes  of  livestock  which  depend  for  a  large  share  of  their 
nutritive  requirements  upon  roughages,  supplementation  with  cereal 
based  concentrates  is  often  necessary  for  efficient  production  and  satis¬ 
factory  economic  returns.  These  roughage  consumers  are  dairy  and  beef 
cattle,  sheep,  and  horses.  Calves,  swine,  and  poultry  must  depend  upon 
cereal  based  feeds  as  their  chief  source  of  nutrients.  Likewise,  pets,  such 
as  cats  and  dogs,  can  be  successfully  raised  largely  on  cereal  diets,  even 
through  they  are  classed  as  carnivores. 


NUTRITIVE  CHARACTERISTICS  OF  CEREAL  BASED  DIETS 

All  cereal  whole  grains  are  low  or  relatively  low  in  crude  fiber  and  high 
in  starch.  Because  of  this  relationship,  they  are  high  in  net  energy  and 
total  digestible  nutrient  content  when  compared  with  forages.  Generally, 
the  less  fiber  in  cereal  whole  grains  and  by-products,  the  higher  the  net 
energy  content.  Therefore,  corn,  grain  sorghums,  and  wheat  are  high 
in  net  energy,  while  oats  and  related  grains  are  lower. 

Most  grains  are  low  in  total  protein  content  and  their  amino  acid 
quality  is  generally  poor  since  they  contain  only  small  amounts  of  the 
various  essential  amino  acids  required  by  monogastric  animals.  It  is 
indeed  fortunate  that  when  ruminants  receive  adequate  amounts  of  rough- 
age,  the  inadequacies  of  cereal  based  rations  are  largely  supplemented  by 
the  synthesis  of  good  quality  protein  due  to  the  activities  of  the  micro¬ 
organism  population  in  the  rumen.  The  same  thing  is  true  to  a  lesser 
extent  for  mature  horses  which  possess  large  well  developed  colons. 

In  the  feeding  of  swine  and  poultry  of  all  ages,  and  young  dairy  calves, 
particular  attention  must  be  paid  to  supplying  protein  supplements  which 
provide  good  quality  protein  which  make  up  the  deficiencies  of  ceieal 

grains. 

All  grains  are  low  in  calcium  and  most  of  them  are  fairly  low  in  phos- 
phorus.  Certain  cereal  by-products  such  as  wheat  bran  and  wheat 
middlings  are  fairly  rich  in  phosphorus,  while  others,  such  as  dnec 
brewers’  grains  and  corn  gluten  feed,  are  little  higher  than  whole  grams. 


Spencer  H.  Morrison  is  Director,  Agricon,  Clinton,  Iowa. 
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None  of  the  cereal  grains  supply  any  nutritionally  significant  amoun  s 
of  vitamin  D.  Carotene  is  also  low  in  cereal  grains  with  the  exception 
of  yellow  corn.  All  cereal  grains  are  fairly  rich  in  vitamin  E.  1  he  cerea  s 
vary  in  their  content  of  the  B-complex  vitamins.  All  are  low  in  ribo¬ 
flavin  and  fair  in  thiamin.  Corn,  oats,  and  rye  are  low  in  niacin,  while 


barley,  grain  sorghums,  and  wheat  are  high. 

Most  of  the  cereal  grains  are  palatable  to  livestock  with  exception  of 
rye  and  buckwheat  when  fed  in  large  amounts  as  the  chief  grain.  The 
chief  grain  used  for  livestock  production  in  most  sections  of  the  United 
States  is  yellow  corn.  In  the  more  western  section  of  this  country  the 
chief  grain  used  for  livestock  feeding  is  barley  since  corn  does  not  grow 
well  over  much  of  the  area  except  on  certain  irrigated  lands. 

Wheat  is  not  very  important  as  a  livestock  feed,  although  it  is  the 
second  largest  cereal  crop  grown  as  far  as  total  acreage  is  concerned. 
Most  wheat  is  used  chiefly  for  the  manufacture  of  flour  and  other  human 
food. 


GENERAL  FEEDING  PRACTICES 


Ruminants  and  Horses 


Although  the  rumen  may  function  to  some  extent  as  early  as  three  weeks 
of  age,  it  is  not  generally  considered  to  be  fully  functional  until  at  least 
three  to  four  months  of  age.  The  nutrition  of  the  ruminant  is  essentially 
the  same  as  monogastric  animals  until  rumen  function  is  established  and 
therefore  it  is  discussed  under  the  heading  on  non-ruminants. 

Rumen  action  accomplishes  four  very  important  nutritional  functions: 

1)  Cellulose  and  other  poorly  digestible  carbohydrates  are  broken 
down  and  changed  to  forms  which  are  more  easily  utilized  and  digested 
later  on  in  the  digestive  tract. 

2)  Many  of  the  B-complex  vitamins  (including  thiamin,  riboflavin, 
niacin,  pyridoxine,  and  pantothenic  acid)  and  vitamin  K  are  synthesized. 

3)  Poor  quality  proteins  are  changed  to  good  quality  proteins,  com¬ 
plete  in  essential  amino  acids. 

4)  Non-protein  nitrogen  sources  such  as  urea  can  be  utilized  in  the 
synthesis  of  amino  acids. 


Because  of  the  peculiar  nature  of  ruminant  digestion,  dairy  and  beef 
cattle,  and  sheep  should  be  fed  rations  which  supply  as  large  a  share  as 
possible  of  their  requirements  from  roughages  consistent  with  market 
demands  and  livestock  farming  practices.  Such  rations  are  usually 
cheaper  in  cost  and  fully  as  satisfactory  in  terms  of  results  as  those  which 
contain  higher  amounts  of  cereal  based  grains  or  by-products.  Also  the 
ruminant  animals  are  the  only  numerically  important  class  of  farm  live- 
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stock  which  are  able  to  utilize  farm  roughages  to  any  great  extent,  and 
therefore  fit  well  into  many  types  of  general  livestock  operations. 

Although  growing  cattle  and  sheep  can  be  maintained  fairly  well  on 
roughage  alone,  better  results  are  usually  had  if  the  diet  is  supplemented 
with  small  amounts  of  the  cereal  grains.  Fattening  cattle  and  sheep, 
pregnant  and  lactating  females,  all  require  higher  amounts  of  concen¬ 
trates  in  the  ration  for  efficient  production.  The  actual  amounts  and 
composition  of  concentrates  to  feed  the  various  classes  of  stock  can  only 
be  determined  after  a  thorough  examination  of  the  individual  basic  feed¬ 
ing  situation. 

In  order  to  compound  a  ration  for  ruminants  it  is  essential  to  know  the 
amount  and  chemical  composition  of  the  roughages  consumed.  Of  great 
aid  to  individual  farmers  and  ranchmen  are  average  tables  of  composi¬ 
tion  such  as  those  compiled  by  the  National  Research  Council  or  as  listed 
in  standard  reference  works.  (Morrison  et  al.  1956). 

All  adult  dairy  cattle  and  also,  beef  cattle  on  roughage  type  rations, 
should  consume  IV2  to  21/£  lbs.  or  more  of  good  quality  hay  per  100  lbs. 
of  liveweight,  or  its  equivalent  in  the  form  of  other  roughages.  Fattening 
beef  cattle  will  consume  considerably  less  amounts  of  roughage  than  this 
when  on  full -feed. 


Mixed-legume  hays  or  pure  legume  hays  are  preferred  to  non-legume 
hay.  Early-cut  hays  are  higher  in  protein,  more  palatable,  and  contain 
more  total  digestible  nutrients  than  those  cut  later  in  the  season.  Early 
harvesting  is  especially  important  when  grass  hays  are  used.  It  is  usually 
better  to  sacrifice  some  yield  for  a  more  nutritious  higher  protein  value 
crop. 

Sheep  will  consume  approximately  3  to  4  lbs.  of  hay  or  hay  equivalent 
per  100  lbs.  of  bodyweight  on  wintering  type  rations.  Pregnant  and  lac¬ 
tating  ewes  should  have  small  quantities  of  grain  added  to  the  ration, 
while  fattening  lambs  on  full  feed  consume  large  quantities  of  grain.  As 
grain  consumption  is  increased,  roughage  consumption  will  decrease 
greatly.  Horses  will  consume  approximately  1  to  2  lbs.  of  hay  per  100 
lbs.  of  bodyweight  depending  upon  the  amount  of  grain  being  fed  in  the 
ration.  Hay  is  generally  fed  free-choice  in  suitable  racks  in  yards  or  pas¬ 
tures  or  else  in  the  barn  after  being  worked  or  at  time  of  milking. 

Corn  and/or  sorghum  silages,  and  grass  silages  are  commonly  fed  to 
cattle  and  sheep  in  large  quantities  when  available.  For  sheep  and  beef 
cattle,  2  lbs.  of  silage  equals  1  lb.  of  good  quality  hay  in  feeding  value. 
For  dairy  cattle,  3  lbs.  of  silage  equals  1  lb.  of  good  quality  hay  m  feec  - 
ins  value.  Because  of  its  bulky  nature,  silage  is  not  usually  fed  to  horses 
at  hard  work.  For  idle  or  lightly  worked  horses,  brood  mares,  or  colts, 
silage  can  be  fed  to  replace  Vs  to  V*  of  the  hay  usually  fed. 
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It  is  best  to  include  some  dry  hay  in  the  ration  when  silage  is  fed  for 
top  results  with  dairy,  beef  cattle,  and  sheep.  When  such  animals  are 
fed  only  silage  and  concentrates  for  fairly  long  periods  of  time,  they 
have  a  tendency  not  to  maintain  gains  or  milk  production  as  well  as  those 
receiving  some  dry  hay.  Milking  cows  should  generally  receive  at  least 
six  pounds  of  dry  hay  in  the  daily  ration,  and  fattening  beef  animals 
should  receive  approximately  one-third  of  the  roughage  allowance  in  the 
form  of  dry  hay. 

Corn  and  sorghum  silages  are  low  in  protein  on  a  dry  matter  basis. 
On  the  other  hand,  grass  silages  are  relatively  high  in  protein  on  a  dry 
matter  basis.  In  balancing  rations  using  silages  as  part  of  the  roughage 
attention  should  be  given  to  the  kind  of  silage  used.  When  large  amounts 
of  corn  silage  are  used  it  is  necessary  to  furnish  higher  levels  of  protein 
in  the  concentrate  mixture  than  with  grass  silages. 

The  backbone  of  all  successful  ruminant  livestock  programs  is  the  ex¬ 
tensive  use  of  suitable  pastures  during  the  growing  season  and/or  range 
forages.  This  is  because  pasture  and/or  range  is  usually  the  cheapest 
method  of  furnishing  total  digestible  nutrients  to  such  animals.  Legume 
pastures  or  mixtures  of  well  adapted  legumes  and  grasses  are  usually 
preferable  to  straight  grasses  or  grass  mixtures. 

Proper  pasture  and  range  management  is  vital  to  securing  satisfactory 
livestock  yields.  Accepted  means  of  increasing  pasture  and  range  pro¬ 
duction  include  such  practices  as  rotational  grazing,  fertilization,  reno¬ 
vation,  clipping,  burning  and  irrigation. 

When  ruminants  are  on  lush  legume  pastures  it  is  wise  to  include  access 
to  dry  hay  of  good  quality  in  racks  to  prevent  bloat.  Most  cattle  will 
consume  from  2  to  4  lbs.  of  such  hay  daily  even  when  the  pasture  is 
excellent. 


Soiling  consists  of  cutting  and/or  chopping  the  green  forage  crop  in 
the  field  and  hauling  it  directly  to  feeding  areas  or  lots  to  be  fed  to  live¬ 
stock.  Its  use  is  best  adapted  to  cattle,  although  limited  use  has  been 
made  of  this  method  in  lamb  feeding  operations. 

This  method  offers  certain  advantages  over  pasturing  such  as  avoiding 
trampling  of  the  plants,  forcing  the  animals  to  consume  more  of  the  entire 
plant,  and  helping  to  prevent  bloat.  The  adaptability  and  use  of  this 
method  is  dependent  upon  having  sufficient  sized  operations  to  permit  use 
ot  labor  saving  machinery  and  a  long  uniform  growing  season 

Limited  use  can  be  made  of  poor  quality  forages  such  as  corn  cobs 
straws,  corn  stover,  and  cottonseed  hulls  by  beef  cattle  and  sheep.  Dairy 
cattle  are  usually  not  fed  such  low  energy  materials  because  of  the  nu¬ 
trient  demands  of  vigorous  fast  growing  heifers  and  lactating  cows 
Horses  are  also  not  usually  fed  such  materials  when  at  work,  although 
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idle  horses  can  utilize  fair  amounts  of  fodder  and  straws  as  part  of  the 
roughage  ration. 

Special  concentrate  mixtures  patterned  after  the  “Purdue  Supplement 
A  formula  to  make  up  the  deficiencies  of  poor  quality  roughages  permit 
maximum  use  of  these  low  grade  materials  and  cheap  grains.  Purdue 
Supplement  A  has  the  following  basic  formula: 


Soybean  oil  meal  .  650.5  lbs 

Molasses  .  140.0 

Alfalfa  meal  .  140.0 

Bone  meal .  52.0 

Salt  (with  1  oz.  cobalt  per  100  lbs.  salt)  .  17.0 

Vitamin  A  and  D  concentrate  (stabilized  form  4,540,000 

U.S.P.  units  D  per  lb.)  .  0.5 


Total  . '. ...  1000.0  lbs. 


Naturally,  the  use  of  such  a  ration  does  not  permit  as  large  daily  gains 
as  with  conventional  corn  or  grain— hay  type  fattening  programs.  The 
cereal  grains  are  not  used  to  any  great  extent  in  such  feeding  programs 
since  the  objective  is  to  achieve  cheapest  gains  with  the  maximum  use 
of  roughage.  Addition  of  cereal  grains  to  the  ration  usually  reduces  the 
consumption  of  such  roughages  markedly. 

CONCENTRATE  FEEDING 

Dairy  Cattle 

Concentrates,  chiefly  based  on  the  cereal  grains  or  their  by-products, 
should  be  fed  according  to  the  level  of  milk  production,  milk  fat  test,  age 
and  weight  of  cow,  stage  of  gestation,  quality  and  consumption  of  rough- 
age,  and  individual  needs  of  the  cow. 

Rules  of  thumb  which  are  based  on  milk  production  alone,  result  in 
overfeeding  the  poor  producers  and  underfeeding  the  good  ones.  A 
common  failing  of  many  farmers  is  to  not  consider  roughage  quality 
adequately.  If  the  roughage  is  of  poor  quality,  the  concentrate  allow¬ 
ance  should  be  increased  both  in  amount  and  in  per  cent  of  total  protein. 
Some  producers  tend  to  overfeed  protein  in  the  concentiate  mixtuie, 
resulting  in  wasteful  high  cost  milk  production. 

If  the  roughage  is  entirely  legume  hay  or  pasture,  a  simple  mixture  of 
farm  grains  will  usually  be  adequate  unless  roughage  is  very  limited  or 
unless  the  producing  ability  of  the  cows  is  extremely  high.  A  14  per  cent 
total  protein  mixture  is  adequate  for  use  with  mixed  legume  roughages. 
If  reliance  is  placed  on  fair  to  good  pasture  and/or  corn  silage,  16  per 
cent  is  advisable.  Since  dairy  cattle  should  not  be  fed  extremely  poor 
roughages  for  good  results,  there  is  usually  little  reason  for  feeding  con- 
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centrates  over  16  per  cent  protein.  However,  droughts  may  occasionally 
force  the  use  of  all  grass  hays  of  poor  quality,  or  rations  based  largely  on 
corn  or  sorghum  silages.  In  this  event,  the  ration  should  contain  approxi¬ 
mately  20  per  cent  total  protein. 

Whenever  possible  in  balancing  the  ration  to  supply  the  cow  s  daily 
nutrient  requirements,  grain  feeding  tables  which  are  based  on  milk 
production  and  roughage  consumption  should  be  used.  Still  better,  but 
more  time  consuming,  is  the  feeding-standard,  or  nutrient-allowance 
method,  in  which  the  total  nutrients  received  by  the  animal  from  all  feed 
sources  and  the  respective  nutrients  required  for  maintenance,  growth, 
pregnancy  and  production  and/or  work  are  carefully  calculated.  The 
most  commonly  accepted  feeding  standards  in  use  currently  in  North 
America  are  the  Morrison  Feeding  Standards,  while  the  nutrient  allow¬ 
ances  are  those  of  the  National  Research  Council.  Although  less  com¬ 
monly  used,  the  same  methods  can  be  used  in  determining  accurately 
the  nutritive  requirements  for  other  classes  of  farm  livestock  such  as  beef 
cattle,  sheep,  and  horses.  This  method  is  commonly  used  in  calculating 
swine,  poultry,  and  certain  pet  rations. 

For  cows  of  exceptional  merit,  theoretical  calculations  must  be  tempered 
with  good  common  sense.  A  general  rule  is  to  feed  no  animal  more  than 
she  can  safely  handle,  usually  a  maximum  of  24  lbs.  of  concentrates, 
although  certain  exceptions  to  this  rule  exist. 

Cows  on  official  test  for  milk  production  records  are  often  fed  either 
soaked  or  dry  beet  pulp  in  place  of  part  of  the  silage  or  hay  in  order  to 
stimulate  maximum  consumption  of  nutrients.  If  cows  of  high  produc¬ 
ing  ability  fail  to  consume  sufficient  feed  during  the  height  of  lactation, 

it  is  wise  to  feed  extra  amounts  during  the  later  stages  of  the  lactation 
period. 

Dry  periods  of  at  least  90  days  for  young  dairy  cows,  and  60  days  for 
mature  ones  (over  five  years  of  age),  are  extremely  important  to  properly 
condition  the  cow  for  the  next  lactation.  Lactation  is  generally  considered 
to  be  the  most  severe  drain  of  nutrients  on  an  animal’s  body,  therefore 
the  importance  of  this  period.  The  amount  of  concentrate  fed  will  depend 
upon  the  condition  of  the  cow  and  her  ability  to  handle  feed.  Generally 
from  6  to  12  lbs.  are  fed  largely  based  on  common  farm  cereal  grains, 
oncentrate  mixtures  for  cows  of  normal  producing  ability  should  con- 

.M,/  f  n  Purnnt  fat’  Whi,e  th0Se  for  eows  of  greater  producing 
ability  should  probably  contain  at  least  four  per  cent  fat.  Complex  con- 

centMte  mixtures  made  up  of  many  ingredients  apparently  have  not 

proven  superior  to  simpler  ones  of  the  same  total  protein  level  containing 

byproduct'  n*S’  maktag  maXimUm  USe  of  cereaI  grains  and  cereal 
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Growing  heifeis  are  usually  fed  low  protein  simple  grain  mixtures  based 
largely  on  the  cereal  grains.  The  amount  to  be  fed  and  the  protein  con¬ 
tent  aie  dependent  upon  the  quality  and  amount  of  forage  available. 
Usually,  4  to  V2  lb.  daily  is  allowed  for  each  100  lbs.  of  bodyweight  of 
a  12  to  16  per  cent  total  protein  mixture. 


Beef  Cattle 


Wintering  and  Stocker  Cattle.-Concentrates  which  are  for  beef  cattle 
being  wintered  or  grazing  aftermaths,  such  as  corn  fields,  should  be  so 
formulated  as  to  supplement  the  pasture,  aftermaths,  hay  and/or  silage 
which  the  cattle  are  receiving.  The  chief  deficiencies  of  such  a  high 
roughage  diet  which  should  be  made  good  by  the  concentrate  portion 
of  the  ration  are:  sources  of  quick  energy  (furnished  commonly  by 
molasses),  vitamin  A  and  possibly  vitamin  D,  protein  and  phosphorus. 
Such  concentrate  mixtures  are  often  modeled  after  the  “Purdue  Supple¬ 
ment  A”  formula  previously  described. 

Fattening  Cattle.— There  are  many  feeding  methods  employed  to  fatten 
cattle  for  market.  All  of  them  are  essentially  based  on  the  use  of  moderate 
to  high  amounts  of  such  high  energy  cereal  grains  as  corn,  sorghums,  or 
good  grade  barley.  When  increasingly  greater  amounts  of  such  grains 
to  the  limit  of  the  animal's  appetite  are  incorporated  into  the  daily  diet, 
faster  gains  are  usually  secured  at  the  expense  of  decreased  roughage 
consumption.  Therefore,  animals  on  a  full-feed  of  grain  rarely  consume 
much  over  3  to  6  lbs.  of  dry  hay  or  its  equivalent. 

When  the  roughage  consumption  is  quite  limited  the  problem  of 
supplying  necessary  nutrients  in  the  ration  becomes  more  critical,  es¬ 


pecially  with  respect  to  proper  amount  and  quality  of  protein,  vitamins 
A  and  D,  minerals  ( especially  calcium  and  phosphorus )  and  payability. 
Supplements  which  are  designed  for  the  common  grain-hay  fattening 
type  rations  should  therefore  be  designed  with  these  points  in  mind. 

In  general,  cattle  on  a  true  full  feed  will  consume  approximately  2  to 
21  /.,  pounds  of  concentrates  per  100  lbs.  liveweight.  Usually,  the  larger 
share  of  such  concentrates  are  comprised  of  corn,  sorghums  or  good  grade 
barley  as  previously  mentioned.  Depending  upon  the  quality  and  amount 
of  roughage  consumed  and  the  weight  and  age  of  the  animal,  a  small 
portion  of  the  daily  concentrate  allowance  is  often  comprised  of  a  com¬ 
mercially  manufactured  “protein”  supplement.  The  amounts  fed  of  this 
supplement  usually  range  between  V2  to  2  lbs.  or  more  per  head  per  day. 

When  fast  gains  are  not  warranted  by  market  demand  or  type  of  live¬ 
stock  operation,  limited  grain  feeding  often  proves  more  economical  tor 
the  farmer  or  rancher.  This  is  especially  trne  for  those  regions  having  an 
abundance  of  high  quality  roughage,  such  as  irrigated  alfalfa  pasture  . 
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hay,  and  corn  silage,  and  which  have  limited  amounts  of  cereal  giain 
crops.  Under  such  systems,  the  grain  allowance  is  from  V2  to  1  lb.  per 
100  lbs.  bodyweight,  while  the  roughage  consumption  is  approximately 
1  to  2  lbs.  per  100  lbs  bodyweight  on  a  dry  hay  equivalent  basis. 


Sheep 

The  feeding  of  sheep  is  similar  in  many  respects  to  the  feeding  of  beef 
cattle.  Pregnant  ewes  are  commonly  fed  only  roughage  free  choice,  until 
about  4  to  6  weeks  before  lambing,  unless  the  roughage  is  extremely  poor 
in  quality.  If  the  roughage  is  very  poor  it  may  be  necessary  to  feed  V4 
to  V2  lb.  daily  of  any  common  palatable  cereal  grain  or  grain  mixture  to 
keep  the  ewes  in  the  desired  condition. 

Four  to  six  weeks  before  lambing,  it  is  advisable  to  add  one-half  pound 
of  a  simple  concentrate  mixture  based  largely  upon  cereal  grains  which 
usually  includes  some  wheat  bran  and  high  protein  oil  meal.  When  the 
ewes  are  nursing,  the  concentrate  allowance  is  increased  to  1  to  1  }/4  lbs. 
daily.  The  protein  level  of  such  mixtures  is  dependent  upon  the  amount 
and  quality  of  the  forage  consumed,  and  usually  varies  between  12  and 
16  per  cent. 

Fattening  lambs  are  fed  high  energy  rations  after  carefully  being 
brought  up  to  “full  feed.”  Full  feeding  of  lambs  is  more  hazardous  and 
risky  than  full  feeding  of  cattle.  Therefore,  close  care  and  experience  are 
necessary  to  prevent  off  feed  conditions  from  developing.  A  typical 
fattening  ration  for  a  70-lb.  lamb  on  full  feed  is  as  follows:  Legume  hay, 
1.4  lbs.;  Corn  or  grain  sorghum,  1.5  lbs. 

The  addition  of  0.1  lb.  high-protein  supplement  will  increase  the  gains 
a  trifle,  but  will  usually  not  be  profitable.  Many  variations  are  to  be  had 
from  the  quoted  example,  due  to  differing  market  conditions,  crops,  and 
livestock  husbandry  management  methods. 


Use  of  Urea  as  Protein  Replacement  in  Ruminant  Rations 

Because  of  the  peculiar  nature  of  the  ruminant  digestive  system  the 
micro-organisms  in  the  rumen  are  able  to  utilize  urea,  ammoni’ated 
molasses,  cyanamid  and  ammonium  sulfate  as  replacements  for  part  of 
ie  protem  in  the  ration.  This  non-protein  nitrogen  is  first  changed  into 
ammonia  m  the  rumen,  and  then  is  quickly  combined  with  non  nitroae- 
nous  compounds  in  the  budding  of  bacterial  protein.  Further  on  in  die 

ferrr^tranir-^ 

: . .  *•  ■  >» 

1  cent  of  the  concentrate  ration  is  made 
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up  of  urea  or  its  equivalent.  It  also  appears  that  results  are  best  with 
rations  low  in  natural  protein. 

For  beef  cattle  and  sheep,  urea-soybean  and  corn  based  pellets  and 
mixtures  have  given  fair  to  good  results  with  such  poor  quality  roughages 
as  straw,  ground  corn  cobs,  and  poor  hay. 

Urea  is  ordinarily  not  very  palatable  to  ruminants,  and  consequently 
should  be  mixed  with  such  well-liked  ingredients  as  molasses.  Urea  is 
utilized  best  when  it  is  fed  in  combination  with  cereal  grains  or  some 
other  starchy  concentrate.  Because  of  the  danger  of  urea  intoxication, 
care  should  be  used  in  formulating  and  manufacturing  such  feeds.  Urea 
cannot  be  utilized  and  is  not  incorporated  in  non-ruminant  rations. 

Making  Up  the  Deficiencies  of  Cereal  Grains  in  Ruminant  Rations 

It  is  indeed  fortunate  that  the  common  nutritive  deficiencies  of  the 
cereal  grains  are  largely  made  up  by  nutrients  contained  in  the  large 
amounts  of  roughage  consumed  in  the  usual  ruminant  rations  in  com¬ 
bination  with  the  benefits  of  the  microbial  activity  in  the  rumen.  In 
the  feeding  of  ruminant  animals  little  attention  is  commonly  given  to 
such  points  as  quality  of  protein,  deficiencies  of  B-complex  vitamins, 
deficiencies  of  vitamins  A  and  D,  and,  usually,  lack  of  calcium. 

Unless  roughage  is  very  limited  in  the  ration,  as  for  example,  with 
fattening  cattle  and  sheep,  the  common  considerations  are  only  those  of 
energy  or  total  digestible  nutrients,  calcium,  phosphorus,  digestible  pro¬ 
tein,  and  carotene  (or  vitamin  A).  With  fattening  cattle  or  sheep  on  full 
feed,  it  is  likely  necessary  to  evaluate  more  critically  the  ration  in  terms 
of  amino  acid  balance  and  protein  quality,  although  this  point  is  dis¬ 
puted  by  certain  authorities  (Albert  et  al.  1957,  Dyer  and  Fletcher  1958). 

Good  well-cured  hay  is  usually  high  in  vitamin  D  and  even  barn-cured 
hay  and  grass  silage  contain  small  amounts  which  are  probably  sufficient 
for  good  health.  Also,  since  farm  animals  usually  have  some  direct  ex¬ 
posure  during  at  least  part  of  the  day  to  direct  sunlight,  vitamin  D  de¬ 
ficiency  is  rarely  encountered.  Ergosterol  contained  in  the  skin  secie- 
tions  in  direct  sunlight  is  converted  to  active  vitamin  D  and  reabsorbed 

by  the  body.  .  ,  .  .  . 

Ample  use  of  good  green-colored  roughages,  indicative  of  high  caro¬ 
tene  content,  prevent  a  deficiency  of  vitamin  A.  Furthermore,  ruminants 
have  the  ability  to  store  vitamin  A  in  the  liver  during  periods  of  excess 
consumption  enabling  them  to  withstand  periods  of  dietary  insufficiency. 

Legume  roughages  are  rich  in  calcium  and  the  requirement  for  this 
mineral  is  met  if  ample  amounts  of  such  hays  are  fed  in  the  ruminant 
diet  Although  there  is  rarely  a  lack  of  calcium  if  grass  hays  or  coin 
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silage  are  extensively  used,  10  to  20  lbs.  of  ground  limestone  added  per 
ton  of  concentrate  grain  ration  will  amply  make  up  any  lack. 

Phosphorus  is  important  in  most  ruminant  rations,  and  a  common  com¬ 
mercial  practice  is  to  include  20  lbs.  per  ton  of  concentrate  mixture  of 
some  good  available  phosphorus  source  such  as  defluorinated  rock  phos¬ 
phate,  dicalcium  phosphate  or  steamed  bone  meal.  If  large  amounts  of 
phosphorus  rich  by-products  ingredients  are  included  in  the  concentrate 
mixture  such  as  wheat  bran  or  the  various  oil  meals,  it  is  possible  to 
reduce  or  eliminate  the  mineral  phosphorus  carriers  in  certain  rations. 

The  importance  of  adequate  phosphorus  in  the  diet  of  fattening  cattle 
is  just  now  being  appreciated  (Burroughs  1956,  Long  et  al.  1957).  An 
excess  of  calcium  in  the  diet  may  depress  the  digestibility  of  ruminant 
rations. 

Many  farmers  and  ranchers  also  supply  mineral  mixtures  free-choice 
which  are  available  at  all  times  to  ruminant  animals.  A  common  mineral 
mixture  for  feeding  to  these  animals  is  as  follows:  60  parts  of  steamed  bone 
meal,  20  parts  of  ground  limestone,  and  20  parts  of  salt. 

Consideration  should  be  given  to  the  protein  level  of  the  diet  which  the 
ruminant  receives.  This  is  based  entirely  on  the  amount  and  kind  of 
forage  being  consumed.  Those  animals  receiving  large  amounts  of 
legumes  do  not  require  as  high  protein  in  the  concentrate  grain  mixture 
as  those  receiving  only  grass  hays  or  corn  silage,  etc. 

Horses 


Horses  are  commonly  fed  grass  hay  such  as  timothy,  as  the  chief  rough- 
age,  and  oats,  as  the  chief  grain.  Legume  hays,  such  as  alfalfa,  can  be 
used  by  horses  successfully,  if  free  from  mold  and  dust,  and  consumption 
is  restricted  to  actual  body  needs.  In  general,  about  2  lbs.  of  total  feed  or 
a  little  more  per  100  lbs.  bodyweight  are  required  by  horses. 

For  horses  doing  no  work  the  entire  feed  allowance  can  be  made  up 
of  roughage  alone.  For  horses  doing  light  to  average  work,  approxi¬ 
mately  /3  to  -7s  of  the  feed  allowance  is  made  up  of  grain,  the  balance 

being  roughage.  For  horses  at  hard  work,  approximately  Vs  is  grain 
and  -/5  roughage. 

Com  may  be  substituted  in  horse  rations,  but  less  is  used  because  of 

■ts  higher  energy  content.  The  use  of  small  amounts  of  linseed  oil  meal 

°r  °the'  protein  suPPlement  is  recommended  when  feeding  corn  to 
horses,  because  of  its  lower  protein  content. 

Non-Ruminants 

Swine  are  the  only  non-ruminant  large  farm  animals  which  are  of 

importance  in  livestock  programs.  * 
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Horses  are  numerically  small  and  although  non-ruminants  have  been 
discussed  previously  under  the  heading  Ruminants  and  Horses  because 
they  are  able  to  utilize  large  quantities  of  forages  in  their  daily  ration, 
due  to  the  extensive  development  of  the  large  colon  and  caecum. 

Nutritionally  speaking,  poultry  are  usually  classed  and  discussed  as 
non-ruminant  animals.  They  are  of  great  economic  importance  to  both 
the  agriculture  and  feed  industries.  Poultry  feeds  of  all  descriptions 
account  for  the  largest  share  of  commercially  mixed  feed  sales  in  the 
United  States. 


Poultry  and  swine  rations  are  characterized  chiefly  by  the  following 
points: 

1)  Relatively  low  in  fiber  and  high  in  energy  compared  with  most  ra¬ 
tions  fed  to  ruminants,  except  those  for  fattening  sheep  and  beef  cattle. 
Roughages  are  therefore  utilized  only  to  a  very  limited  extent.  Extensive 
use  is  therefore  made  of  the  cereal  grains  and  their  by-products. 

2)  Protein  of  the  proper  amount  and  amino  acid  quality  is  necessary. 
Both  poultry  and  swine  require  certain  “essential”  amino  acids  to  be  sup¬ 
plied  in  their  rations. 

The  essential  amino  acids  required  by  both  swine  and  poultry  are: 
arginine,  histidine,  isoleucine,  leucine,  lysine,  methionine,  phenylalanine, 
threonine,  tryptophan,  and  valine.  In  addition  the  chick  requires  glycine 
(or  serine,  or  a  combination  of  serine  and  arginine). 

In  tbe  chick  and  probably  also  swine,  cystine  may  partially  replace  the 
requirement  for  methionine,  and  tyrosine  may  partially  replace  the  re¬ 
quirement  for  phenylalanine. 

3)  Additional  amounts  of  certain  of  the  B-complex,  vitamins  A,  D,  and 
possibly  E,  and  K,  are  necessary,  since  there  is  little  or  no  synthesis  of 
the  B-complex  vitamins,  and  the  fat-soluble  vitamins  may  be  limiting  in 
the  feedstuffs  used. 


4)  Additional  amounts  of  the  major  minerals  are  needed,  such  as  cal¬ 
cium,  phosphorus,  and  sodium  chloride.  Also  minor  amounts  of  trace 
minerals  such  as  copper,  cobalt,  iron,  zinc,  manganese,  magnesium,  and 
iodine  are  commonly  added  to  both  swine  and  poultry  feeds.  Although 
proven  deficiencies  of  all  of  these  trace  minerals  may  not  exist  in  some 
areas,  most  feed  manufacturers  usually  add  some  or  all  of  them  to  the 
ration  as  insurance  against  possible  lacks. 

5)  Sources  of  the  “ unidentified  growth  factors ”  are  usually  included  in 

poultry  rations,  and,  to  some  extent,  in  swine  feeds. 

The  exact  nature  and  mode  of  action  of  certain  natural  feed  ingredients 
and/or  minerals  which  promote  better  growth  in  poultry  are  as  yet  un- 
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known.  Most  authorities  consider  that  the  following  unidentified  factois 
are  usually  required  by  the  chick  and  poult  for  maximum  growth: 

a)  Fish  factor— supplied  in  largest  amounts  by  fish  solubles,  fish  meal, 
hydrolyzed  feather  meal,  liver  meal,  and  certain  fermentation  products. 

b)  Distillers  solubles  factor— furnished  by  grain  or  molasses  distillers 
solubles  and  yeast. 

c)  Alfalfa  factor— supplied  best  by  fresh  green  forage,  grass  juices,  de¬ 
hydrated  alfalfa  meal,  dehydrated  legume,  grass,  and  cereal  forages,  dairy 
by-products  and  brewers’  dried  yeast. 

d)  Whey  factor—  present  in  dairy  by-products,  yeast,  and  certain  other 

feeds. 

The  usual  commercial  practice  is  to  furnish  at  least  two  or  more  sources 
of  unidentified  growth  factors  in  the  rations  of  young  poultry.  Com¬ 
monly,  a  level  of  40  to  50  lbs.  each  per  ton  of  mixed  feed  is  used. 

Recent  evidence  also  indicates  that  the  “unidentified  growth  factor  re¬ 
sponse  is  not  only  due  to  organic  factors  present  in  certain  natural  feed- 
stuffs,  but  also,  due  to  inorganic  factors  (Reid  et  al.  1958,  Norris  et  al. 
1958,  Supplee  1958). 

These  experiments,  usually  conducted  with  purified  rations,  indicate 
that  small  amounts  of  bromine,  sulfur,  zinc,  molybdenum,  and  selenium 
may  all  be  required  in  chick  and  poult  rations.  At  present,  the  feeling 
is  that  natural  feedstuffs  present  in  the  accepted  rations  usually  contain 
sufficient  amounts  of  these  trace  minerals  to  insure  adequate  growth  and 
results.  It  would  be  unwise,  in  many  cases,  to  add  supplementary 
amounts  to  the  ration,  since  many  of  these  trace  minerals  are  toxic  in  ex¬ 
cessive  amounts. 


Evidence  from  certain  experiments  indicates  also  that  swine  may  per¬ 
form  somewhat  better  if  certain  sources  of  the  unidentified  growth  fac¬ 
tors  are  included.  (Catron  1958A,  Hare  et  al.  1956)  A  source  of  the  al¬ 
falfa  factor  is  commonly  considered  to  be  important  in  swine  nutrition. 
The  value  or  importance  of  the  other  sources  of  unidentified  growth  fac¬ 
tors  in  swine  nutrition  must  await  the  outcome  of  further  research. 

Swme  Feeding.  Importance  of  Roughages.-Although  roughages  do 
not  form  any  large  part  of  swine  rations,  their  importance  under  certain 
conditions  cannot  be  overemphasized  in  practical  hog  farming.  When¬ 
ever  possible,  swine  should  be  provided  with  good  pasture  during  the 
growing  season,  and  with  well-cured  legume  hay  or  dehydrated  legume 
forage  when  pasture  is  not  available.  These  are  especially  needed  by 
young  pigs  brood  sows  and  gilts.  This  fact  is  of  extreme  importance  in 
reducng  the  cost  of  pork  production  and  preventing  nutritive  deficiencies 
There  are  generally  no  vitamin  deficiencies  when  swine  are  fed  suffi- 
aent  good  quality  hay  or  are  on  good  pasture.  Also,  the  protein  require- 


674 


CHEMISTRY  AND  TECHNOLOGY  OF  CEREALS 


ments  are  reduced  when  swine  receive  good  quality  hay  and  pasture. 
The  protein  of  these  roughages  is  of  such  quality  that  it  helps  to  correct 
the  deficiencies  of  the  cereal  grains  which  make  up  the  large  share  of  the 
diet.  Fair  gains  can  be  made  by  swine  on  lush  legume  pasture,  which 
are  fed  corn  or  other  cereal  grains  free-choice,  supplemented  with  a  min¬ 
eral  mixture  containing  both  calcium  and  phosphorus.  However,  still 
better  results  are  had  if  a  good  quality  protein  supplement  such  as  tank¬ 
age  is  also  offered  to  the  pigs. 

Legume  roughages  are  rich  in  calcium  and  also  in  the  “alfalfa  factor.” 
Full-fed  growing  and  fattening  pigs  do  not  consume  large  amounts  of 
good  roughage.  Therefore,  when  they  are  liberally  fed  on  corn  or  other 
low-protein  grains,  they  will  not  eat  enough  of  such  roughage  to  prop¬ 
erly  balance  the  ration  in  protein.  In  order  to  secure  economical  and 
rapid  gains,  it  is  necessary  to  add  a  sufficient  amount  of  an  efficient,  con¬ 
centrated  good  quality  protein  supplement  to  furnish  the  required  amount 
of  protein. 

Serious  deficiencies  occur  when  brood  sows  are  raised  and  kept  in  dry 
lot  continuously,  in  spite  of  the  many  recent  improvements  and  develop¬ 
ments  which  have  been  made  in  meeting  the  nutritional  requirements  of 
swine  in  dry  lot.  Even  rations  calculated  to  be  entirely  adequate  in  all 
known  vitamins,  minerals,  amino  acids,  and  unknown  growth  factors,  in 
light  of  today’s  knowledge,  are  not  ideal  for  breeding  pigs  in  dry  lot  over 
a  long  period  of  time.  It  is  therefore  important  to  allow  brood  sows  and 
breeding  boars  to  have  access  to  pasture  during  the  growing  season,  sup¬ 
plemented  with  good  quality  hay  or  dehydrated  forage  at  other  times  of 
the  year. 

Silage  is  not  commonly  fed  to  any  great  extent  to  either  swine  or  poul¬ 
try.  It  can  be  used  for  pregnant  sows  when  supplemented  with  protein 
and  minerals,  but  is  too  bulky  in  nature  for  use  by  growing  and  fatten¬ 
ing  swine. 

Supplementation  and  use  of  cereal  grains  in  swine  rations.- Since  none 
of  the  cereal  grains  furnish  protein  of  good  quality,  it  is  very  necessary 
to  furnish  protein  supplements  in  the  ration  which  make  up  the  amino 
acid  deficiencies  present  in  all  cereal  grain  diets.  Skim  milk,  other  dairy 
by-products,  fish  meal,  digester  tankage,  meat  scraps,  and  properly  proc¬ 
essed  soybean  oil  meal  all  provide  protein  that  corrects  the  protein  qual¬ 
ity  deficiencies  of  the  cereal  grains.  Any  one  of  these  supplements  can 
be  used  alone,  or  in  combination  with  the  others,  for  swine  on  good  pas¬ 
ture  If  the  swine  are  on  dry  lot,  legume  hay  or  dehydrated  forage  shou  c 
be  incorporated  into  the  ration.  Usually,  somewhat  better  results  are 
had  if  combinations  of  protein  supplements  are  used  than  if  only  one  sin¬ 
gle  one  is  used  alone.  Cereal  grain  by-products  which  are  fair  to  hig 
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in  protein  are  not  satisfactory  either  singly  or  in  combination  as  protein 
supplements  for  swine.  Such  materials  are:  wheat  middlings  corn  g  u- 
ten  feed,  corn  gluten  meal,  rye  feed,  brewers’  dried  grains,  distillers  dried 
grains,  etc.  Pigs  so  fed  make  slow  and  expensive  gains.  Feeds  which 
incorporate  modest  amounts  of  these  cereal  by-product  ingredients  along 
with  larger  amounts  of  better  quality  protein  rich  ingredients  furnishing 
good  amino  acid  balance,  are  entirely  acceptable  to  hogs  and  will  give 
good  economical  gains. 

Swine  are  usually  fed  either  self-fed  or  hand-fed.  Complete  feeds, 
which  include  a  mixture  of  ground  cereal  grains,  a  proper  proportion  of 
protein  supplements  of  good  quality,  minerals,  and  vitamins;  may  be  used 
with  either  method.  Complete  feeds  may  be  mixed  either  on  the  farm 
or  by  commercial  feed  manufacturers. 

The  special  committee  of  the  National  Research  Council  has  recom¬ 
mended  in  its  report  on  “Nutrient  Requirements  of  Swine”  that  rations 
for  growing  and  fattening  pigs  should  have  the  following  percentages  of 
total  protein:  at  a  weight  of  25  lbs.,  18  per  cent;  at  50  lbs.,  16  per  cent; 
at  100  lbs.,  14  per  cent;  at  150  lbs.,  13  per  cent;  and  at  200  lbs.  or  over, 
12  per  cent. 

For  pregnant  females  and  breeding  boars,  15  per  cent  protein  is  rec¬ 
ommended  for  young  stock  and  14  per  cent  for  adults.  For  lactating 
gilts  15  per  cent  is  recommended,  while  for  lactating  sows  14  per  cent  is 
advised. 


When  swine  are  on  good  legume  pasture,  approximately  two  per  cent 
less  protein  than  the  levels  advised  above  will  give  satisfactory  results. 
W  hen  protein  supplements  are  unusually  expensive,  it  may  be  more  eco¬ 
nomical  to  use  lower  levels  of  protein  than  commonly  recommended,  al¬ 
though  daily  gains  will  be  smaller. 

Pigs  show  a  remarkable  ability  to  balance  their  rations  in  protein  when 
they  are  self-fed  low  protein  cereal  grains  such  as  corn,  and  also  self-fed 
separately  certain  single  protein  supplements  or  certain  supplemental  pro¬ 
tein  mixtures.  The  results  from  this  method  are  usually  fully  as  satis¬ 
factory  as  when  complete  mixed  feeds  are  used,  especially  for  hogs 
weighing  over  75  lbs.  (Hanson  1958,  Becker  1958,  Wingert  1958,  Catron 
1958,  and  Cunha  1958).  For  hogs  weighing  less  than  75  lbs.,  and  par¬ 
ticularly  for  weanling  and  nursing  pigs,  complete  feeds  are  somewhat 


With  the  exception  of  salt  (usually  supplied  in  mineral  mixtures,  and/ 
<>r  mixed  m  the  feed  at  the  rate  of  not  over  one-half  pound  salt  per  100 
lbs  feed ),  calcium  ,s  the  mineral  most  apt  to  be  deficient  in  swine  rations 
Tins  ,s  because  the  grains  and  their  by-products  and  most  protein  supple¬ 
ments  of  plant  origin  are  low  in  this  mineral.  Fortunately,  animal  pio- 
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tein  supplements  and  most  forages  are  high  or  relatively  high  in  this 
mineral.  Whether  or  not  there  will  be  any  benefit  from  the  addition  of 
a  calcium  supplement  will  depend  entirely  on  the  type  and  nutrient  com¬ 
position  of  the  ration.  An  excess  of  calcium  in  the  ration  will  decrease 
gains  and  tend  to  cause  parakeratosis  (Lewis  et  al.  1957,  Lewis  et  al. 
1957 A,  Hoefer  1956). 

There  is  generally  no  lack  of  calcium  in  swine  rations  when  animal 
protein  supplements  are  fed  in  sufficient  quantities  to  balance  the  ration. 
However,  when  plant  by-products  such  as  soybean  oil  meal,  linseed 
meal,  or  wheat  middlings,  etc.,  are  used,  the  addition  of  a  calcium  sup¬ 
plement  to  the  ration  is  advised.  Since  most  commercially  mixed  protein 
supplements  used  for  hogs  today  are  based  on  a  combination  of  both 
plant  and  animal  by-products,  additional  calcium  is  incorporated  into 
the  mixture. 

A  deficiency  of  phosphorus  is  much  less  apt  to  occur  in  swine  rations 
than  calcium  simply  because  most  protein  rich  supplements  needed  to 
balance  the  ration  are  rich  in  phosphorus.  Also,  although,  the  cereal 
grains  are  not  rich  in  phosphorus,  they  contain  more  phosphorus  than 
calcium.  Pigs  apparently  utilize  phvtin  phosphorus,  which  forms  a  con¬ 
siderable  part  of  the  phosphorus  in  feedstuffs  of  plant  origin,  better  than 
poultry.  Whether  or  not  it  is  advisable  to  add  a  phosphorus  supplement 
to  swine  rations  depends  entirely  upon  the  nutrient  composition.  Swine 
should  receive  rations  which  have  the  proper  calcium  to  phosphorus  ratio 
of  1.1  :  1  to  1.5  :  1. 

In  iodine-deficient  areas,  brood  sows  need  iodized  salt  or  some  other 
iodine  source  to  prevent  hairless  pigs.  To  avoid  simple  anemia  of  suck¬ 
ling  pigs  without  access  to  pasture  or  soil,  traces  of  iron  and  copper  must 
be  supplied  in  some  manner.  Usually,  swabbing  or  spraying  the  udder 
of  the  nursing  sow  or  gilt  with  a  saturated  solution  of  commercial  grade 
ferrous  sulfate  until  the  piglets  are  4  to  6  weeks  old  will  prevent  this  con¬ 
dition.  Other  methods  such  as  giving  each  baby  pig  oral  doses  of  iron 
solution  once  each  week,  or  injecting  them  with  an  iron-dextran  complex 
solution  are  also  used. 

In  areas  where  proven  deficiencies  of  copper,  cobalt  or  other  trace 
minerals  exist,  it  is  essential  that  the  lack  be  corrected  in  the  ration.  If 
no  deficiency  is  apparent,  there  is  no  benefit  from  adding  such  minerals 
to  the  ration  of  hogs  on  pasture.  In  certain  experiments  with  hogs  in 
dry-lot,  trace  mineral  additions  have  proven  beneficial,  and  most  com¬ 
mercial  manufacturers  add  trace  minerals  to  their  feeds,  especially  those 
meant  for  hogs  on  dry-lot.  The  addition  of  small  amounts  of  zinc  to  the 
diet  has  recently  been  proven  beneficial  in  preventing  the  development  of 
parakeratosis  in  swine  (Hoefer  1956). 
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Although  vitamins  A  and  D  are  of  great  importance  in  swine  feeding, 
those  on  good  pasture  have  their  needs  for  these  vitamins  amply  taken 
care  of.  This  is  because  good  pasture  is  rich  in  carotene  which  is  con¬ 
verted  by  the  animal  to  vitamin  A,  and  because  the  vitamin  D  needs  are 
taken  care  of  by  the  anti-rachitic  effect  of  direct  sunlight  acting  upon  the 
ergosterol  secreted  onto  the  skin  of  the  animal,  being  reabsorbed  as  active 
vitamin  D.  Also  since  high  quality  pastures  are  able  to  supply  the  B- 
vitamin  requirements  of  pasture  fed  swine,  there  is  little  reason  to  include 
B-complex  vitamins  in  rations  meant  for  pasture  feeding.  In  ordinary 
swine  rations  there  are  no  known  deficiencies  of  vitamin  E.  Vitamin  C 
can  be  synthesized  by  the  body  and  does  not  need  to  be  included  in  the 
ration. 

Legume  hay  of  good  quality  will  not  only  supply  carotene  or  vitamin 
A  value  to  the  ration,  but  it  will  also  furnish  vitamin  D,  and  the  B-com¬ 
plex  vitamins,  except  vitamin  Br_>;  thus,  the  importance  of  including 
good  quality  legume  hay  or  suitable  forages  in  the  ration  of  dry-lot  swine. 
Commercially  mixed  feeds  often  include  additional  sources  of  vitamin  A 
and  D  in  the  form  of  refined  fish  oils,  or  vitamin  A  in  the  synthetic  form 
and  vitamin  D  from  irradiated  yeast  or  irradiated  ergosterol.  Various 
methods  are  used  to  improve  the  stability  of  these  products,  such  as  wax 
and  gelatin  coatings,  etc. 

The  various  breeds  of  swine  seem  to  differ  markedly  in  their  vitamin 
D  requirements,  and  if  they  have  plenty  of  calcium  and  phosphorus, 
white  pigs  do  not  usually  exhibit  any  symptoms  of  a  vitamin  D  deficiency 
when  kept  under  the  same  conditions  causing  deficiency  symptoms  in 
black  or  red  pigs.  Unless  pigs  are  very  closely  confined  and  have  no  ac¬ 
cess  to  direct  sunlight,  five  per  cent  of  good-quality  field-cured  legume 
hay  in  the  ration  will  prevent  any  deficiency  symptoms.  If  pigs  are 
closely  confined,  or  if  dehydrated  roughages  are  used,  the  use  of  a  vita¬ 
min  D  supplement  is  advisable.  Including  0.5  to  1.0  per  cent  of  cod- 
live.  °il  or  0.125  to  0.25  per  cent  of  a  cod-liver-oil  concentrate  in  the  ration 

w.ll  furnish  sufficient  vitamins  A  and  D  in  the  ration  even  when  no  legume 
hay  is  fed  in  the  ration. 

There  is  only  limited  synthesis  of  the  B-complex  vitamins  in  the  intes- 

.nes  of  swine  by  bacterial  action,  thus,  they  are  dependent  chiefly  upon 

he  supply  of  these  vitamins  in  the  feed  to  meet  their  bodily  needs  dif- 
fering  from  ruminants.  '  ’  Ult 

When  swine  are  on  good  pasture,  they  are  rarely  deficient  in  the  B 
comp  ex  vitamins.  Also,  when  good  quality  legume  hay  or  alfalfa  meal 

included  the  rations  of  swine  in  dry-lot,  there  are  normally  no  lacks 
Of  B-complex  vitamins  with  the  exception  of  vitamin  B„. 
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Any  ordinary  ration  for  swine  usually  furnishes  an  abundance  of  thia¬ 
min,  plenty  of  pyridoxine,  and  enough  choline.  The  B-complex  vitamins 
which  deserve  attention  in  most  swine  rations  are  riboflavin,  niacin,  pan¬ 
tothenic  acid  and  vitamin  B12. 

Rations  which  are  made  up  chiefly  of  corn,  soybean  oil  meal,  minerals, 
and  five  per  cent  alfalfa  meal  are  usually  somewhat  low  in  riboflavin 
for  young  pigs  in  dry  lot.  If  the  alfalfa  meal  is  increased,  or  part  of  the 
soybean  meal  is  replaced  by  some  animal  by-product,  or  by  such  feeds  as 
distillers  dried  solubles,  and  dried  brewers’  yeast,  the  lack  is  corrected. 

The  niacin  content  of  both  corn  and  oats  is  considerably  less  than  that 
of  barley,  the  grain  sorghums  or  wheat.  This  is  important  in  some  in¬ 
stances,  particularly  in  dry-lot  rations  fed  to  very  young  pigs.  Occa¬ 
sionally,  young  pigs  fed  rations  high  in  corn  and/or  oats  suffer  enteritis 
from  a  lack  of  niacin.  This  is  due  to  the  fact  that  the  niacin  content  of 
certain  lots  of  corn  and/or  oats  is  below  the  average  figures  which  are 
quoted  in  tables  of  nutrient  composition.  High  corn  rations  are  also  low 
in  tryptophan.  Niacin  can  be  made  from  tryptophan  by  the  animal  in  its 
body.  Thus,  a  deficiency  of  tryptophan  further  accentuates  a  deficiency 
of  niacin. 

Correction  of  niacin  deficiencies  in  such  rations  can  be  made  by  adding 
alfalfa  meal,  wheat  middlings,  animal  by-products,  dried  distillers  solu¬ 
bles  and/or  dried  brewers’  yeast,  all  of  which  are  high  in  niacin.  Enteri¬ 
tis  caused  by  a  nutritional  deficiencv  of  niacin  must  not  be  confused  with 
that  caused  by  infection. 

Although  rare  on  pasture,  a  deficiency  of  pantothenic  acid  can  occur  in 
dry-lot  with  swine  fed  chiefly  the  cereal  grains  balanced  with  minerals 
and  such  protein  supplements  as  meat  scraps,  tankage,  and  fish  meal. 
This  is  because  these  animal  protein  supplements  are  low  in  pantothenic 
acid,  while  the  cereal  grains  are  only  fair.  A  characteristic  symptom  of 
pantothenic  acid  lack  in  pigs  is  a  “goose-stepping”  incoordinated  gait. 
Such  ingredients  as  soybean  oil  meal,  linseed  meal,  wheat  middlings,  dis¬ 
tillers’  dried  solubles,  peanut  oil  meal,  dried  buttermilk,  dried  skim  milk, 
dried  whey,  dried  brewers’  yeast,  and  cane  molasses  are  useful  sources 
of  this  vitamin  in  formulating  swine  rations. 

With  the  discovery  of  vitamin  B12,  it  was  found  that  much  of  the  bene¬ 
fit  in  dry-lot  hog  rations  of  animal  by-products  was  due  to  theii  \  itamin 
B12  content.  Feeds  of  animal  sources,  such  as  meat  scraps,  tankage,  fish 
meal,  dairy  by-products,  condensed  fish  solubles,  and  liver  meal  are  used 
by  commercial  manufacturers  to  supply  vitamin  B12  in  swine  rations.  Al¬ 
though  the  usual  methods  of  analysis  do  not  reveal  a  very  high  content 
of  vitamin  B,o  in  fresh  growing  pasture  plants,  hogs  on  pasture  show  no 
evidence  of  a  deficiency  of  the  vitamin.  Either  sufficient  is  synthesizer 
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in  the  intestines  of  pasture-fed  pigs,  or  else,  they  secure  the  mere  traces 
of  the  vitamin  required  from  the  insects  and  worms  they  consume . 

A  lack  of  vitamin  Bi2  is  much  more  apt  to  occur  with  young  pigs  than 
with  older  ones.  Commercial  feed  manufacturers  often  include  synthetic 
or  concentrated  natural  sources  of  certain  of  the  B-complex  vitamins  if 
the  ration  composition  indicates  a  need  for  such  supplementation,  espe¬ 


cially  in  those  rations  designed  for  younger  pigs. 

Although  the  studies  are  conflicting,  swine  may  need  sources  of  certain 
“unidentified  growth  factors"  in  some  dry-lot  rations.  Pasture  apparently 
supplies  the  unidentified  factors,  and  no  lack  is  found  in  this  respect  when 
swine  are  on  good  pasture.  The  unidentified  factors  which  may  be  re¬ 
quired  possiblv  by  swine  under  certain  conditions  are  claimed  to  exist  in 
alfalfa  meal  or  grass  juice,  milk  by-products,  fish  solubles,  and  certain 
fermentation  residues.  Very  likely,  further  research  will  elucidate  when 
and  under  what  conditions  additional  amounts  of  these  sources  are 
needed.  Many  commercial  feed  manufacturers  add  small  amounts  of  one 
or  more  sources  of  the  unidentified  growth  factors  to  their  swine  feeds, 
especially  those  for  young  pigs,  as  a  matter  of  insurance. 

There  is  some  variation  in  the  feed  consumption  of  pigs,  depending 
upon  the  type  of  feeds,  management  methods,  and  type  and  class  of  ani¬ 
mal.  In  general,  full-fattening  swine  will  consume  3  to  5  pounds  of  feed 
per  100  lbs.  live  weight.  According  to  age,  the  younger  pigs  consume 
proportionately  the  larger  ration.  Good  forage  will  reduce  protein  re¬ 
quirements,  and  usually  results  in  production  of  pork  for  somewhat  less 
total  pounds  of  concentrate  feed. 

Pregnant  sows  should  not  be  allowed  to  consume  all  they  will  eat,  since 
overfatness  reduces  litter  size.  A  good  rule  of  thumb  is  to  limit  con¬ 


sumption  of  feed  to  1  to  l]/2  pounds  per  100  lbs.  bodyweight,  offering 
plenty  of  pasture  or  legume  hay  free-choice.  Sows  can  be  self-fed,  but 
when  this  is  done  it  is  necessary  to  incorporate  25  to  40  per  cent  or  more 
of  coarse  fibrous  bulky  feeds  such  as  hay,  alfalfa  meal,  or  corn  cobs  to 
prevent  overconsumption.  Sows  nursing  litters  will  consume  3  to  5 
pounds  of  concentrates  per  100  lbs.  bodyweight  daily  depending  upon 
the  size  of  the  litter  and  availability  of  pasture. 

HTnn  r  'I'  aftive  breedinS  service  should  receive  approximately  1  lb. 
pei  0  lbs.  bodyweight  of  concentrates  when  on  pasture,  and  slightly 
more  when  m  dry-lot.  Two  weeks  before  the  breeding  season  the  boar 
ould  be  fed  enough  to  be  gaining  in  weight  when  service  begins.  Dur- 

weiri,?  Th  f  Tm i  hC  S'rld  be  fe<1  enouSh  to  prevent  loss  in 

r  f  f  T'T  “n  0"  of  the  boar  itseIf  is  only  reliable  guide 
as  to  amounts  to  feed.  ® 


During  recent  years  there  has  been  considerable  interest  in  the 


wean- 
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ing  of  pigs  at  much  earlier  ages  than  formerly  advised  or  thought  possi¬ 
ble.  Such  early  weaning,  commonly  at  3  to  4  weeks  of  age,  permits  two 
or  more  litters  per  year  from  the  sow,  greatly  reducing  the  cost  of  pro¬ 
ducing  pork.  When  early  weaning  is  practiced,  it  is  usually  necessary  to 
use  farrowing-crates,  extremely  good  management,  and  careful  sanita¬ 
tion  and  disease  control  methods. 

Special  pre-starter  creep-feeds  have  been  designed  for  use  by  early 
weaned  pigs.  These  special  feeds  are  not  commonly  mixed  on  the  farm 
because  of  their  complex  formulation  and  the  small  amounts  of  certain 
micronutrients  added  to  the  feed.  Such  feeds  are  usually  high  in  rolled 
oats  or  hulled  oats,  milk  by-products,  and  sugar  to  increase  their  palata- 
bility.  Critical  attention  is  needed  to  secure  the  correct  amino  acid 
balance,  mineral  levels,  and  vitamin  requirements  in  such  feeds. 

Weaning  pigs  younger  than  three  weeks  of  age  is  not  recommended 
since  this  is  not  practical  under  most  farm  conditions.  Such  pigs  must 
be  fed  an  expensive  milk-replacer  type  of  formula,  and  often  do  not  re¬ 
respond  well  later  on  in  the  growing-fattening  phase  of  the  hog  raising 
program. 

It  is  common  practice  on  many  farms  which  wean  pigs  at  the  normal 
ages  of  6  to  8  weeks,  to  offer  the  nursing  piglets  a  pig-starter  in  creeps. 
This  reduces  the  shock  and  set  backs  of  weaning  and  supplies  the  young 
pigs  with  as  great  an  amount  of  nutrients  as  possible  during  a  period  of 
very  efficient  growth. 

Poultry  Feeding —Supplementation  and  use  of  cereal  grains  in  poultry 
rations.  Poultrv  are  similar  in  their  nutritional  needs  to  swine  with  certain 


minor  exceptions,  in  spite  of  the  anatomical  differences  of  their  digestive 
tracts.  Relatively  more  is  known  about  the  various  requirements  of  poul¬ 
try  than  swine  because  of  the  greater  ease  and  cheaper  cost  of  testing 
with  larger  groups  of  experimental  subjects.  Modern  rations  permit  the 
keeping  of  chickens  in  total  confinement  without  suffering  to  any  great 
extent  in  production  or  breeding  efficiency;  this  was  not  possible  only  a 

few  years  ago. 

It  is  necessary  to  supply  poultry  with  diets  which  make  up  the  amino 
acid,  vitamin  and  mineral  deficiencies  of  the  cereal  grains.  Most  amnia 
by-products  and  properly  processed  soybean  oil  meal  furnish  protein  of 
such  quality  that  the  deficiencies  of  cereals  are  largely  corrected.  Leg¬ 
ume  hay  or  preferablv  dehydrated  forages,  are  included  in  most  rations 
for  poultry  when  not  on  poultry  range,  to  supply  protein  of  good  quality, 
furnish  vitamin  A  value,  supply  certain  B-complex  vitamins,  and  furnish 

the  alfalfa  factor. 

Poultry,  especially  broilers  and  young  turkeys,  are  fed  complete  mix 
feeds  manufactured  by  commercial  companies,  broiler  feeds  repres 
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the  largest  single  classification  of  feed  tonnage  in  the  United  States. 
Farm  grains  are  often  fed  along  with  commercially  manufactured  pro¬ 
tein-mineral-vitamin  supplements  to  such  classes  of  poultry  as  growing 
or  replacement  birds,  layers  and  breeders  on  a  hand-fed  or  free-choice 

basis. 

Today,  commercial  broiler  raising  and  feed  formulation  has  become  a 
business  largely  conducted  by  big  operators  closely  integrated  or  allied 
with  commercial  feed  manufacturers,  hatcherymen  and  breeders.  The 
formulas  are  usually  so  designed  as  to  be  nutritionally  complete  at  the 
very  lowest  possible  cost.  Modern  linear  programming  and  electronic 
calculating  methods  have  been  adapted  to  aid  the  nutritionists  in  develop¬ 
ing  such  rations.  Due  to  the  variability  in  types  of  ingredients  used  and 
manufacturing  and  husbandry  methods,  only  the  most  general  discussion 
of  basic  principles  of  formulating  such  complex  rations  can  be  given. 

Most  commercial  broiler  rations  use  higher  percentages  of  total  pro¬ 
tein  than  are  commonly  recommended  for  commercial  chick  starters  and 
growers  designed  for  replacement  laying  and  breeding  birds.  A  broiler 
starter  usually  will  have  from  23  to  25  per  cent  protein,  while  a  broiler 
finisher  will  have  from  20  to  23  per  cent  protein.  Most  broiler  starters 
are  fed  during  the  first  4  to  6  weeks  of  life,  while  broiler  finishers  are  fed 
from  the  time  the  birds  are  removed  from  starter  until  marketing  (ap¬ 
proximately  8V2  to  10  weeks  of  age). 

Most  commercial  chick  starters  contain  20  to  23  per  cent  total  protein 
while  most  growing  rations  contain  15  to  19  per  cent  total  protein.  Al¬ 
though  recent  experiments  indicate  that  properly  formulated  rations  as 
low  as  12  to  13  per  cent  total  protein  may  be  satisfactory  for  layers,  the 
usual  conventional  rations  contain  15  to  18  per  cent  total  protein. 

Largely  because  they  grow  at  a  faster  rate  than  chickens,  poults  re¬ 
quire  a  greater  percentage  of  protein  than  chicks.  Also,  their  require¬ 
ments  pei  pound  of  feed  are  greater  for  calcium,  phosphorus,  vitamin  A, 
vitamin  D,  and  riboflavin. 


When  poultry  are  hand-fed  or  free-choice  fed  farm  grown  grains  along 
with  a  commercial  protein-mineral-vitamin  supplement,  the  protein  level 
of  the  supplement  is  so  calculated  that  the  recommended  total  protein 
content  of  the  entire  ration  is  achieved. 

Formula  feed  manufacturers  pay  close  attention  to  the  balance  be¬ 
tween  total  protein,  amino  acids,  and  the  calories  of  metabolizable  energv 
or  productive  energy,  in  broiler  and  other  poultry  rations 

Soaking  certain  types  of  western  barley  in  water  seems  to  improve  the 

et  1958 )6n  Add T-a  Ue  f  tHe  gFain  S°  jt  aPProaches  that  of  corn  (Fry 
et  al.  1958).  Addition  of  enzyme  cultures  to  western  barley  is  also  re¬ 
ported  to  have  a  similar  effect  (Fry  et  al.  1958) 
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Pelleting  of  poultry  feeds  increases  the  density  of  the  feed  allowing  the 
birds  to  consume  more  total  feed.  It  was  recently  reported  that  a  broiler 
feed  containing  only  two  per  cent  added  animal  fat  was  as  efficient  and 
more  economical  than  an  all-mash  broiler  feed  containing  ten  per  cent 
added  animal  fat  (Combs  1958A). 


Cereal  grain  based  rations  for  chicks  and  turkeys,  especially  heavy- 
breed  broilers  and  turkey  poults,  in  which  reliance  is  placed  upon  soy¬ 
bean  oil  meal,  peanut  oil  meal,  and  degossvpolized  cottonseed  oil  meal 
as  the  only  or  chief  protein  supplement,  are  often  somewhat  deficient  in 
the  essential  amino  acid  methionine.  Supplementation  of  such  rations 
with  either  dl-methionine,  liquid  methionine  hydroxy  analogue,  or  meth¬ 
ionine  hydroxy  analogue  calcium  have  usually  improved  feed  conver¬ 
sions,  and  occasionally  liveweights.  Only  0.5  to  1.0  lb.  of  methionine 
source  is  necessary  to  bring  about  the  desired  response  in  most  cases. 

The  addition  of  stabilized  animal  tallows  or  greases  and  vegetable 
oils  to  commercial  broiler  feeds,  and  even  to  certain  other  poultry  and 
swine  feeds  is  becoming  fairly  standard  practice.  The  fat  addition  in¬ 
creases  the  energy  value  of  the  feed  and  usually  lowers  the  amount  of 
feed  eaten  to  produce  a  pound  of  gain  or  produce  a  dozen  eggs.  Although 
experimental  diets  containing  30  per  cent  or  more  fat  have  been  fed  to 
broilers  with  good  results,  the  usual  commercial  practice  is  to  add  from 
2  to  6  per  cent  of  fat  in  most  broiler  rations  at  present. 

The  requirements  for  calcium  and  phosphorus  by  poultry  are  greater 
than  those  of  the  larger  farm  animals.  Special  consideration  must  be 
given  in  designing  poultry  rations  to  insure  adequate  intakes  of  these 
two  minerals.  The  calcium  requirement  is  particularly  high  because  of 
the  rapid  growth  of  chicks  and  growing  poultry,  and  because  laying  birds 
need  large  amounts  to  form  good  hard  eggshells.  Rations  for  laying  hens 
should  contain  2.25  per  cent  in  the  total  ration,  ones  for  chicks  should 
have  1.0  per  cent,  and  those  for  growing  turkeys  approximately  2.0  per 
cent.  With  laying  hens  it  is  a  common  practice  to  include  only  part  of 
the  calcium  requirement  in  the  feed,  and  to  also  provide  the  hens  with 
access  to  oyster  shell  or  limestone  grit  at  all  times. 

Although  the  National  Research  Council  recommends  0.6  per  cent  total 
phosphorus  in  the  ration  for  chicks,  growing  birds,  and  hens;  modern 
broiler  rations  usually  have  somewhat  higher  levels  than  this. 

It  is  important  in  feeds  for  chicks  and  growing  birds  to  supply  a  large 
share  of  the  phosphorus  in  an  inorganic  form,  since  these  classes  of  pou  - 
try  do  not  utilize  phytin  phosphorus  well.  Since  as  much  as  three-fourths 
of  the  phosphorus  in  grains  and  the  by-products  of  grains  and  other  seeds 
mav  be  in  the  form  of  phytin  phosphorus,  it  is  usually  necessary ^to  in¬ 
clude  such  inorganic  phosphorus  supplements  as  defluonnated  rock  pho 
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phate,  bone  meal,  or  dicalcium  phosphate  in  rations  for  chicks  and  grow¬ 
ing  birds.  ,  .  ,  n  NT 

Salt  is  needed  by  poultry,  but  the  requirement  is  relatively  small,  for¬ 
mally,  from  0.25  to  0.5  per  cent  in  the  total  ration  is  ample  with  the 

usual  ingredients  used. 

Particular  attention  must  be  paid  to  the  manganese  content  of  poul¬ 
try  rations  to  prevent  the  development  of  perosis  or  the  slipped  tendon 
condition,  and  to  promote  good  egg  production  and  hatchability.  De¬ 
ficiencies  of  manganese  are  most  apt  to  occur  when  the  birds  are  kept  in 
strict  confinement  with  no  access  to  poultry  range  or  sunlight.  Deficien¬ 
cies  of  certain  B-complex  vitamins  such  as  choline,  biotin,  and  folic  acid 
increase  the  requirement  for  manganese  in  the  ration.  Assimilation  of 
manganese  is  also  impaired  by  rations  high  in  calcium  and  phosphorus. 

A  deficiency  of  manganese  is  not  apt  to  occur  when  the  feed  contains 
a  fair  amount  of  such  ingredients  as  wheat  bran,  wheat  middlings,  rice 
bran,  fish  meal,  soybean  oil  meal  and  alfalfa  meal.  Most  commercial  feed 
manufacturers  add  one-quarter  pound  of  manganese  sulfate  per  ton  of 
complete  feed  to  guard  against  any  possible  deficiencies  of  this  mineral. 

Although  most  poultry  rations  are  probably  adequate  in  iodine,  it  is 
common  commercial  practice  to  add  iodized  salt  or  some  other  source 
of  iodine  to  such  feeds.  It  has  been  recently  demonstrated  with  purified 
diets  that  chickens  may  require  certain  other  mineral  elements  such  as 
sulfur,  zinc,  bromine,  molybdenum,  and  selenium  in  their  rations  ( Norris 
et  al  1958,  Combs  1958,  Supplee  1958).  It  is  highly  unlikely  that  the 
usual  practical-type  rations  will  be  deficient  in  such  minerals. 

Giit  should  be  supplied  to  laying  and  breeding  chickens  in  form  of  an 
insoluble  granite  or  quartz  grit.  Such  grit  aids  the  gizzard  in  grinding 
whole  grains  and  coarse  feed  particles,  reducing  feed  requirements  and 
increasing  egg  production.  If  all-mash  rations  are  fed,  the  addition  of 
grit  is  desirable  but  it  may  not  be  absolutely  necessary  for  satisfactory 
egg  production  or  feed  efficiency.  Experiments  vary  as  to  the  effective¬ 
ness  and  desirability  of  incorporating  or  furnishing  grit  in  broiler  rations, 
anc  although  it  is  likely  desirable,  no  firm  recommendation  can  be  made 
for  supplying  grit  up  to  4  to  8  weeks  of  age. 

When  poultry  are  not  on  good  ranges,  particular  attention  must  be 
given  m  all  diets  to  proper  supplementation  with  certain  vitamins.  The 
vitamin  supplementation  is  usually  even  more  critical  for  poultry  than 
tor  swine  since  roughages  form  proportionately  less  of  their  diet 
hven  though  poultry  feeds  may  contain  dehydrated  forages,  such  as 
alfalta  meal,  it  is  usually  necessary  to  include  additional  sources  of  caro¬ 
tene  or  vitamin  A  „i  the  rations  of  birds  kept  in  confinement.  Most  com¬ 
mercial  feed  manufacturers  usually  add  enough  of  the  vitamin  to  com 
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pensate  for  any  losses  which  occur  in  pelleting  or  storage  of  feeds.  It  is 
common  to  use  stabilized  forms  of  the  vitamin,  and  also  to  include  an  an¬ 
tioxidant  such  as  BHT  to  prevent  its  destruction. 

Poultry  are  more  efficient  than  the  other  large  farm  animals  in  the  con¬ 
version  of  carotene  to  vitamin  A  in  the  body,  being  approximately  equal 
to  the  rat  in  this  respect.  Therefore,  one  U.S.P.  unit  supplied  in  the  form 
of  carotene,  has  approximately  the  same  value  as  an  I.U.  supplied  in  the 
form  of  vitamin  A. 

The  minimum  recommendations  for  vitamin  A  are  2,000  U.S.P.  units  of 
vitamin  A  value  per  pound  of  feed  for  laying  and  breeding  hens.  For 
starting  and  growing  chicks,  the  level  is  3,000  U.S.P.  units  of  vitamin  A 
value  per  pound  of  feed.  Rations  which  are  high  in  xanthophyll,  impart 
a  greater  yellow  color  to  the  yolk  of  eggs,  and  the  shanks,  beak,  and  body 
fat  of  poultry,  but  such  pigments  do  not  have  vitamin  A  value. 

Sufficient  exposure  to  direct  sunlight,  which  has  not  passed  through 
ordinary  window  glass  is  effective  in  meeting  the  vitamin  D  require¬ 
ments  of  poultry,  just  as  in  the  case  of  other  livestock.  When  the  birds 
are  not  exposed  to  ultra-violet  light  it  is  essential  to  supply  vitamin  D  in 
their  rations. 

The  minimum  requirement  for  vitamin  D  commonly  recommended  is 
90  I.C.U.  per  pound  of  feed  for  starting  chicks,  and  225  I.C.U.  for  hens. 
Common  commercial  practice  is  to  include  somewhat  greater  amounts 
than  the  minimum  recommended  levels  in  the  form  of  a  stabilized  vita¬ 
min  D  supplement. 

Poultry  have  an  extremely  high  requirement  for  riboflavin,  and  a  de¬ 
ficiency  of  this  vitamin  is  characterized  by  a  paralytic  condition  of  the 
legs  and  feet  known  as  “curled  toe  paralysis  or  nutritional  paralysis. 
Also,  hatchabilitv  is  impaired  by  a  lack  of  riboflavin  in  the  feed  of 
breeders.  Poultry  on  range  have  plenty  of  this  important  vitamin  sup¬ 
plied  to  them  by  the  fresh  green  forage,  but  those  kept  in  confinement 
must  have  supplemental  sources  in  their  rations. 

Rich  sources  of  riboflavin  used  in  poultry  rations  are  milk  by-products, 
dehydrated  alfalfa  meal,  distillers  solubles,  and  fermentation  products. 
Many  commercial  manufacturers  add  a  synthetic  source  of  this  vitamin 
to  their  rations.  Most  commercial  feeds  contain  more  than  the  minimum 
recommended  levels,  to  guard  against  destruction  in  storage,  etc. 

Although  thiamin,  pantothenic  acid,  choline,  pyridoxine,  folic  acid,  and 
biotin  are  all  required  by  poultry,  most  rations  comprised  of  natural  feed- 
stuffs  are  adequate  in  these  vitamins.  However,  pantothenic  acid  an 
choline  supplements  are  often  added  to  commercial  broiler  and  hatch¬ 
ing-egg  rations  to  insure  adequate  intakes  of  these  two  B-complex  vita- 
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mins.  Pantothenic  acid  is  added  in  the  form  of  calcium  pantothenate, 
and  choline  is  added  in  the  form  of  choline  chloride. 

Niacin  is  required  in  larger  amounts  by  young  and  growing  chicks  than 
by  mature  birds.  Apparently,  some  synthesis  of  niacin  occurs  in  the  di¬ 
gestive  tract  of  older  birds.  Most  rations  formulated  for  poultry  usually 
contain  sufficient  niacin,  but  those  for  heavy  meat-type  broilers  are  often 
supplemented  with  synthetic  nicotinic  acid. 

Vitamin  B12  is  essential  for  growth  of  young  chicks  and  for  hatchabil- 
ity  of  eggs.  Hens  which  receive  an  adequate  diet,  containing  ample  vita¬ 
min  B12,  will  impart  to  their  chicks  a  considerable  “carry-over"  of  this 
vitamin.  Hens  on  diets  inadequate  in  vitamin  Bi2  do  not  impart  such  an 
effect,  and,  unless  the  chick  diet  is  very  adequate  in  B12,  the  mortality 
of  the  chicks  may  be  high. 

Vitamin  E  is  required  by  poultry  to  prevent  the  development  of  nu¬ 
tritional  encephalomalacia  or  “crazy  chick  disease”  in  chicks,  and  to  pro¬ 
mote  good  hatchability  and  breeding  efficiency  of  mature  birds.  It  is  also 
important  in  the  prevention  of  exudative  diathesis  in  chicks  and  poults, 
and  also  to  prevent  the  enlarged  hock  disorder  in  turkeys.  To  prevent 
destruction  of  this  vitamin  in  commercial  rations,  an  antioxidant  such  as 
BHT.  is  often  included. 


The  requirement  of  this  vitamin  probably  increases  under  conditions 
of  stress,  and  many  commercial  feeds,  such  as  broiler  and  “stress”  feeds, 
contain  additional  amounts  of  synthetic  tocopherols.  Ordinary  rations 
usually  contain  adequate  amounts  of  this  vitamin  since  most  cereal  grains 
contain  fair  quantities,  particularly  in  the  oil  of  the  germ.  Wheat  germ 
meal  and  wheat  germ  oil  are  particularly  good  sources  of  the  vitamin. 
Dehydrated  alfalfa  meal,  and  fish  meal  also  contain  good  amounts. 
Turkey  rations,  particularly  those  for  breeders,  often  include  additional 
amounts  of  this  vitamin,  since  recent  work  has  demonstrated  that  many 
c  lets  comprised  of  natural  feedstuffs  are  too  low  in  vitamin  E  for  good 
hatchability  (Jensen  et  al.  1956). 

Hemorrhagic  disease,”  a  condition  in  which  severe  bleeding  mav 
occur  in  any  part  of  the  body  due  to  injury,  bruising,  or  even  stress; 
occurs  in  chicks  fed  rations  deficient  in  vitamin  K.  A  lack  of  this  vitamin 
greatly  delays  the  clotting  time  of  the  blood,  and  chicks  may  even 
hemorrhag.  to  death  if  the  deficiency  or  injury  is  great  enough.  Usually, 

meet  "all  needs.  “  m6a  ‘h®  feed’  furnisl’es  enou8h  vitamin  K  to 

The  requirement  for  the  vitamin  is  increased  under  stress  and  when 
arson, c  acid  (a  growth  stimulant),  or  sulfaquinoxaline  (for  coccidioS 
control  and  treatment)  are  offered  to  the  birds.  In  such  cases  it  i  w 
to  add  supplementary  levels  of  the  vitamin  in  the  rldm,  TZ  syZZ 
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sources.  Most  commercial  broiler  feeds,  turkey  starters,  etc.  contain 
sources  of  vitamin  K  itself  or  similar  compounds,  menadione  or  sodium 
bisulfite. 

As  pointed  out  previously,  chicks  and  turkey  poults  usually  perform 
somewhat  better  if  the  ration  contains  sources  of  the  so-called  “un¬ 
identified  growth  factors.”  These  unidentified  growth  factors  are  not 
required  to  any  great  extent  by  mature  birds  for  egg  production,  but 
breeding  birds  should  be  supplied  with  sources  of  the  unidentified  factors 
in  their  rations  because  of  the  “carry-over”  effect  to  their  progeny.  Usu¬ 
ally,  from  2  to  2V2  per  cent  of  two  or  more  of  the  various  sources  of  these 
factors  are  included  in  chick  and  poult  rations. 

Calf  Feeding.— The  feeding  of  calves,  particularly  dairy  calves,  is  usually 
discussed  under  the  heading  of  non-ruminant  animals.  The  reason  for 
this  is  that  rumen  function  is  not  well-established  until  the  calf  is  at  least 

3  to  4  months  of  age.  Until  this  time,  the  calf  is  essentially  a  mongastric 
animal,  and  its  nutrient  requirements  are  similar  to  them. 

Many  dairy  calves  are  raised  today  on  the  bare  minimum  of  their 
mother’s  milk  and  weaned  as  early  as  10  days  to  2  weeks  of  age  from 
whole  milk.  Usually  calves  are  removed  from  the  dam  at  24  to  48  hours 
after  birth  and  placed  in  separate,  individual  calf  stalls  approximately 

4  by  6  feet  in  size.  It  is  essential  that  the  young  calf  receive  colostrum 
soon  after  birth  to  protect  it  against  disease  and  supply  vitamin  A.  Calves 
are  usually  pail-fed  approximately  1  lb.  of  whole  milk  per  10  lbs.  of 
liveweight,  with  a  maximum  of  10  to  12  lbs.  total  daily.  It  is  best  to  keep 
the  calf  somewhat  hungry  than  to  overfeed  it  since  overfeeding  causes 
scouring. 

When  the  calf  is  10  days  to  2  weeks  of  age  it  should  be  offered  plenty 
of  the  best  possible  quality  hay  (preferably,  mixed-legume-grass)  fed 
free-choice  in  a  suitable  rack.  At  the  same  time,  it  should  receive  a 
concentrate  mixture.  If  receiving  plenty  of  whole  milk,  skim  milk  or 
buttermilk  it  can  be  fed  a  simple  calf  ration  or  meal  free-choice  in  a 
suitable  feedbox.  Such  a  mixture  as  corn,  40  parts;  oats,  30  parts;  wheat 
bran  20  parts;  and  linseed  meal,  10  parts;  is  perfectly  satisfactory.  Since 
calves  chew  grain  thoroughly  up  to  an  age  of  6  to  8  months,  whole  grains 
are  suitable  in  such  mixtures. 

If  the  calf  is  to  be  weaned  at  an  early  age  or  if  it  is  to  be  on  a  milk-re- 
placer  type  of  feeding  program  it  should  receive  a  calf  starter  of  more 
complex  formulation  containing  additional  vitamins,  minerals,  antibiotics 
and  protein  of  good  quality.  An  example  formula  for  a  calf  starter  of  thi 
type  is  as  follows:  Cracked  yellow  corn,  19.475  lbs  crushed  oats  20.0 
lbs.;  wheat  bran,  15.0  lbs.;  linseed  meal  10.0  lbs,  dried  skim  milk,  5.0 
lbs,  soybean  oil  meal,  14.0  lbs,  cane  molasses,  5.0  lbs,  alfalfa  me.  .  • 
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lbs.;  brewers’  yeast,  3.0  lbs.;  irradiated  yeast,  0.025  lb.;  ground  limestone, 
0.50  lb.;  steamed  bone  meal  or  dicalcium  phosphate,  0.50  lb.;  iodized 

salt,  0.50  lb.;  and  suitable  antibiotics. 

Because  of  the  high  market  price  for  fluid  milk  in  many  areas,  dairy¬ 
men  often  feed  only  a  very  limited  amount  of  whole  milk  to  young  dairy 
calves.  When  a  milk-replacer  formula  is  fed,  the  calf  is  started  on  such 
a  formula  at  about  two  weeks  of  age.  Milk  replacers  are  usually  manu¬ 
factured  by  commercial  feed  companies,  since  their  formulation  is  neces¬ 
sarily  complex.  Particular  attention  must  be  paid  to  the  antibiotic, 
vitamin,  mineral,  protein,  and  energy  content  of  such  feeds.  Even  the 
best  of  such  formulas,  may  not  give  quite  as  good  results  for  calves  as 
those  which  are  raised  on  whole  milk  during  the  first  few  weeks  of  life. 
However,  economics  dictates  the  use  of  commercial  milk-replacers  in 
most  fluid  market  milk  sheds.  Very  little  net  difference  in  the  mature 
weights  of  cattle  are  noted  even  when  raised  by  the  different  methods. 
There  are  many  alternative  methods  of  raising  calves,  and  the  reader 
should  check  standard  feeding  texts  for  further  information  on  the  vari¬ 
ous  aspects  of  calf  raising  (see  suggested  reference  list  at  end  of  chapter). 

Pet  Foods.— The  chief  pet  foods  of  concern  to  most  commercial  manu¬ 
facturers  are  those  for  cats  and  dogs.  There  is  a  lack  of  good  information 
with  respect  to  the  requirements  of  both  dogs  and  cats.  An  excellent 
starting  point  for  the  development  of  feeds  for  dogs  is  the  report  of  the 
subcommittee  of  Canine  Nutrition  of  the  National  Research  Council, 
entitled  “Nutrient  Requirements  of  Dogs”  (Robinson  et  al.  1953). 

Since  both  dogs  and  cats  are  mongastric  animals,  their  nutrient  re¬ 


quirements  are  similar  to  both  swine  and  poultry  in  many  respects.  It  is 
possible  to  develop  dry  feeds  which  apparently  do  a  fine  job  in  many 
instances.  However,  palatabilitv  of  rations  still  remains  a  great  problem 
in  the  formulation  of  dry  dog  and  cat  foods,  and  many  owners  will  con¬ 
tinue  to  feed  their  pets  at  least  partly  on  a  meat  or  table  scrap  basis  along 
with  a  dry  cereal  based  food. 

Such  a  formula  as  the  one  on  page  688  supplies  the  dog  with  protein  of 
ample  quantity  and  quality,  the  essential  amino  acids,  vitamins,  minerals 
and  energy.  Many  variations  are  possible  in  developing  ratios  both  for 
cats  and  dogs  which  still  meet  their  nutrient  requirements  and  are  usually 
acceptable  from  a  palatability  standpoint. 

When  dry  dog  foods  alone  are  fed,  it  may  be  somewhat  preferable  to 
place  the  dogs  on  a  self-feeding  basis  than  attempt  to  hand-feed  Wet 

rations  m01Sten"’R  the  food  sometimes  aids  in  creating  more  acceptable 


It  may  be  impossible  to  feed  pampered  and  tempermental  pet  eats  on 
dry  feeds  alone,  after  they  have  become  accustomed  to  canned  or  fr«h 
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meat-based  foods.  Many  dry  dog  foods  when  mixed  with  raw  meat,  and 
moistened  with  milk  or  water  are  acceptable  to  cats.  It  is  particularly 
important  in  cat  rations  to  insure  adequate  thiamin,  particularly  if  rough 
fish  is  included  in  the  diet. 

An  example  of  a  satisfactory  dry  dog  food  formula  is  as  follows: 

Meat  and  bone  meal,  55  per  cent  protein .  8.00 

Fish  meal,  60  per  cent  protein .  5.00 

Soybean  oil  meal  . 12.00 

Wheat  germ  oil  meal .  8.00 

Dried  skim  milk  .  4.00 

Wheat,  ground  . 10.00 

Oat  groats  . 20.00 

Corn,  ground . 11.23 

Ground-hulled  barley  . 10.00 

Wheat  bran  .  4.00 

Fat,  edible .  2.00 

Steamed  bone  meal  .  2.00 

Dried  brewers  yeast .  2.00 

Dried  fermentation  solubles .  1.00 

Iodized  salt  .  0.50 

Vitamin  A  and  D  feeding  oil  (2250  U.S.P.A.,  400  ADAC  D/gm.)  .  .  0.25 

Iron  oxide  .  0.02 

ADDITIVES  IMPORTANT  IN  FEED  FORMULATION 

Many  modern  feed  formulas  make  use  of  additives  which  produce 
certain  effects  in  the  ration.  These  additives  are  of  many  types  and  only 
a  brief  classification  can  be  made  of  them  under  use  headings. 

I.  Additives  for  the  Promotion  of  Growth 

A.  Antibiotics: 

1.  Chlortetracycline 

2.  Oxvtetracycline 

3.  Penicillin 

4.  Bacitracin 

5.  Aterrimin 

B.  Chemicals 

1.  Arsonics: 

a)  Arsanilic  acid 

b)  3-nitro-4-hydroxy-phenylarsonic  acid 

c)  Sodium  arsanilate 

2.  Furazolidone 

3.  Trimethylalkylammonium  stearate 
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C.  Hormones 

1.  Diethylstilbestrol 

2.  Dienestrol  diacetate 

D.  Tranquilizers 

II.  Compounds  Added  to  the  Feed  for  Disease  Prevention  and/or 
Treatment 

A.  Antibiotics 

1.  Chlortetracycline 

2.  Oxytetracycline 

3.  Penicillin 

4.  Bacitracin 

5.  Streptromycin 

6.  Erythromycin 

B.  Arsonics 

C.  Nitrofurans,  particularly  furazolidone 

D.  Amino  nitrothiazole 

E.  Trimethylalkylammonium  stearate 

F.  Nithiazide 

III.  Coccidiostats 

A.  Sulfas 

1.  Sulfaquinoxaline 

2.  Sulfaguanidine 

3.  Sulfamethazine 

B.  Nicarbazin 

C.  Nitrophenide 

D.  Nitrofurazone 

E.  Bifuran  (combination  of  nitrofurazone  and  furazolidone) 

F.  Glycamide 

G.  Unistat 

H.  Polystat 

I.  Nitrosal 

J.  Trithiadol 

K.  Arsenosobenzene 

I\ .  Medicaments  or  Additives  Used  for  Special  Purposes 

A.  For  the  prevention  of  ketosis: 

1.  Sodium  propionate 

2.  Calcium  lactate,  or  combinations  of  calcium  lactate  and 

other  compounds 

3.  Sodium  acetate 

B.  For  the  prevention  of  bloat: 

1.  Methyl  silicone 
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2.  Tetracycline 

3.  Penicillin 

C.  For  the  prevention  of  milk  fever: 

1.  Therapeutic  levels  of  vitamin  D 

D.  lo  stimulate  milk  production  in  both  dairy  cows  and  brood 

sows : 

1.  Thyroprotein 

V.  Compounds  Added  to  the  Feed  for  Internal  Parasite  Control 

A.  Nicotine  sulfate 

B.  Phenothizine 

C.  Sodium  fluoride 

D.  Cadmium  compounds 

E.  Piperazine  salts 

F.  Dibutyltin  dilaurate 

G.  Hygromycin 


VI.  Compounds  Added  to  the  Feed  for  the  Prevention  of  Oxidation  of 
Fat  Soluble  Vitamins  and  Preservation  of  Feed  Quality,  and 
to  Serve  as  Anti-Oxidants 

A.  BHT 

B.  BHA 

C.  Santoquin 

D.  D.P.P.D.  (compound  formerly  used  but  now  outlawed  for  use 

in  feeds  by  the  Federal  Food  and  Drug  Administration) 

VII.  Other  Additives  to  Feeds  of  Unclassified  or  Unknown  Value 

A.  Surfactants 

B.  Bentonite 

C.  Enzymes 

D.  Dried  rumen  cultures 

E.  Various  flavors 

One  can  clearly  see  from  the  foregoing  classification  that  the  field  of 
feed  formulation  and  nutrition  of  farm  animals  has  become  extiemeh 
complex  and  poorly  understood  by  many  people.  The  development  of 
medicated  feeds  and  special  purpose  feeds  has  placed  an  extra  burden  on 
feed  manufacturers,  and  has  necessitated  close  working  relationships  with 
allied  fields  such  as  chemical  manufacturers,  pharmaceutical  houses,  the 
federal  government  and  veterinarians.  The  subject  is  constantly  expand¬ 
ing  and  is  in  a  dynamic  state  of  flux  and  transitional  change. 
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CHAPTER  25 


R.  T.  Cotton 


Effects  and  Detection  of  Insect  and 
Rodent  Infestation  of  Cereals 


INTRODUCTION 

Supplies  of  grain  and  its  products  which  are  improperly  stored,  are  vul¬ 
nerable  to  the  attack  of  many  species  of  insects  and  rodents.  Such  stores 
supply  food  and  harborage  to  these  pests  whose  insignificant  size  and 
furtive  manners  often  prevent  their  discovery  until  large  losses  are  sus¬ 
tained. 

The  husbandman  has  become  accustomed  to  the  annual  toll  exacted 
by  these  pests,  and  in  many  parts  of  the  world  fails  to  provide  storage 
facilities  adequate  to  protect  his  crops  from  their  depredations. 

Losses  to  the  world  production  of  cereal  grains,  pulses  and  oil  seeds 
caused  by  insects,  rodents  and  mold  fungi  were  the  subject  of  a  survey 
conducted  by  the  United  Nations  Food  and  Agricultural  Organization  in 
1947.  In  summarizing  the  results  of  this  survey,  Steven  S.  Easter,  Ento¬ 
mologist  for  the  F.A.O.,  stated  that  the  losses  from  27  countries  ranged 
from  no  loss  to  54  per  cent  of  the  production  of  cereals,  wheat,  corn,  bar¬ 
ley,  oats  and  rye.  Of  the  total  annual  production,  plus  excess  of  imports 
over  exports  of  323,923,900  metric  tons  of  these  cereals  the  aggregate  loss 
was  25,750,000  metric  tons,  or  a  trifle  under  8  per  cent.  A  number  of 
these  countries  indicated  that  these  figures  did  not  include  losses  of  grain 
in  farm  storage.  It  was  concluded  that  if  these  unknown  losses  during 
farm  storage  were  added  to  the  estimate,  the  total  would  exceed  10  per 
cent.  ( Cotton  1948 ) . 

The  losses  to  grains  and  pulses  sustained  by  some  of  the  Latin  Amer¬ 
ican  countries  were  studied  by  a  working  party  of  the  United  Nations  for 
the  period  1947  to  1949  (Anon.  1950).  Estimated  losses  of  corn,  rice  and 
pulses  during  that  period  were  Uruguay  14  per  cent,  Mexico  15-25  per 


cent,  El  Salvador  and  Guatemala  25  per  cent,  Nicaragua  30  per  cent 
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In  addition  to  the  direct  loss  to  our  cereal  foods  from  the  quantity  con¬ 
sumed  by  these  pests,  there  are  losses  resulting  from  contamination.  Lit¬ 
tle  attention  was  paid  to  the  effects  of  contamination  by  insects  and  ro¬ 
dents  until  the  passage  and  enforcement  of  the  Food  Laws  of  1906  and 
1938  which  banned  from  the  channels  of  interstate  commerce,  food  which, 
consists  in  whole  or  in  part  of  any  filthy,  putrid,  or  decomposed  sub¬ 
stance,”  and  provided  that  they  must  not  be,  “prepared,  packed  or  held 
under  unsanitary  conditions  whereby  they  may  have  become  contami¬ 
nated  with  filth.” 


THE  INSECT  PROBLEM 

General  Considerations 

Grain  and  grain  products  constitute  the  natural  food  of  a  group  of  in¬ 
sects  known  as  stored  product  pests.  Several  hundred  different  species 
of  insects  are  found  associated  with  stored  grains  or  their  products;  how¬ 
ever,  only  a  few  are  primary  pests  capable  of  destroying  large  quantities 
of  grain  by  their  feeding.  The  presence  of  any  species  of  insect  in  our 
food  supplies  is  undesirable  and  classifies  it  as  a  pest. 

Many  of  these  insect  pests  of  stored  grain  are  of  tropical  or  subtropi¬ 
cal  origin.  They  thrive  in  warm,  humid  climates,  but  do  not  do  well  in 
either  dry  or  cold  environments.  These  factors  therefore,  largely  deter¬ 
mine  their  relative  abundance  and  destructiveness  in  the  various  grain 
growing  regions  of  the  United  States.  In  the  extreme  South  insects  breed 
with  little  interruption  the  year  around,  whereas  in  the  Northern  States 
severe  winters  greatly  limit  their  abundance. 


Early  History 


Before  the  discovery  of  America  by  Columbus,  corn  served  as  the  chief 
grain  food  of  the  American  Indian.  In  those  early  days  the  stores  of  coin 
were  singularly  free  from  insect  attack.  A  few  of  the  minor  pests  of 
stored  grain  are  indigenous  to  the  American  Continent,  but  it  is  doubtful 
whether  any  of  them  ever  caused  serious  damage  to  grain.  Many  <ff 
them  originally  fed  on  edible  tubers,  and  with  few  exceptions  are  thought 
to  have  originated  in  South  or  Central  America.  Few  of  them  are  found 
damaging  stored  grain  anywhere  in  North  America  except  in  the  extreme 


South. 

The  insects  that  really  cause  serious  damage  to  our  stored  grains  orig¬ 
inated  in  those  parts  of  the  world  where  wheat,  barley  and  rice  were  the 
principal  grain  foods.  They  were  introduced  into  America  by  the  eail> 
explorers  and  settlers.  Through  the  avenues  of  international  commerce 
the  insect  pests  of  stored  grains  have  now  been  distributed  throng 


697 


INSECT  AND  RODENT  INFESTATION  OF  CEREALS 

the  world  so  that  those  species  which  have  been  able  to  adapt  themselves 
to  the  varied  climatic  conditions  of  the  world  can  be  said  to  be  truly 

cosmopolitan. 

Many  of  the  common  pests  of  stored  grain  have  been  known  to  man 
for  thousands  of  years.  Plautus  referred  to  one  of  the  grain  weevils  in 
196  B.C.  as  the  Curculio,  and  archaeologists  exploring  the  tombs  of  Egypt 
and  other  ancient  civilizations  have  unearthed  specimens  of  several  com¬ 
mon  species  in  jars  of  grain  originally  placed  in  the  tombs  about  2,500 

B.C. 


Courtesy  of  V.  S.  Dept.  Aar. 

Fig.  159.  The  Rice  Weevil  ( Sitophilus  oryza ) 

A.  Larva,  B.  Puna,  C.  Adult. 

Common  Grain  Pests  and  Their  Habits 

The  weevil  referred  to  by  Plautus  is  thought  to  be  the  granary  weevil 
( Sitophilus  granarius  (L.) )  which  was  first  described  and  named  by  Lin¬ 
naeus  in  1759.  This  weevil  and  its  close  relative,  the  rice  weevil  {Sito¬ 
philus  oryza  (L.)),  are  reddish-brown  beetles  (Fig.  159),  about  one- 
eighth  inch  long.  Their  mouth  parts  are  prolonged  into  a  more  or  less 
elongated  snout,  which  enables  them  to  bore  into  kernels  of  grain  for  food 
and  to  excavate  holes  in  which  the  female  weevils  deposit  their  eggs. 

le  eggs  llatcl1  111  a  few  days  into  grubs  which  complete  their  develop¬ 
ment  to  the  weevil  or  adult  stage,  entirely  within  the  kernels,  in  from  3 
to  4  weeks  during  warm  weather.  The  size  of  the  weevil  depends  to  a 
considerable  extent  on  the  size  of  the  kernel  of  grain.  In  small  grains 
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such  as  milo  it  will  be  small  in  size,  but  in  corn  it  will  attain  its  maxi¬ 
mum  stature.  The  contents  of  small  grains  are  almost  completely  de¬ 
voured  by  one  average  weevil  grub  during  its  development  from  egg  to 
adult,  whereas  a  kernel  of  corn  will  provide  food  for  several  weevils. 
The  fact  that  these  weevils  spend  their  grub  stage  entirely  concealed 
within  the  kernels  of  grain  explains  why  grain,  seemingly  in  good  condi¬ 
tion,  may  suddenly  be  found  swarming  with  weevils. 

Other  beetles  which  have  the  habit  of  spending  their  larval  life  con¬ 
cealed  within  the  kernels  of  grain  are:  the  broad  nosed  grain  weevil 
( Caulophilus  latinasus  (Say)),  and  the  coffee-bean  weevil  ( Araecerus 
fasciculatus  (De  Geer)).  The  lesser  grain  borer  ( Rhyzopertha  domin¬ 
ion  (F. )),  Fig.  160,  has  similar  habits;  however,  its  grubs  are  also  cap- 


Fic.  160.  The  Lesser  Grain  Borer  ( Rhyzopertha  dominica  (F.))  in  Wheat 

able  of  living  outside  the  grain  kernels  in  the  flour  or  grain  dust  made  bv 
the  feeding  beetles. 

One  other  insect  that  spends  its  larval  life  within  kernels  of  grain  is  the 
Angoumois  grain  moth  ( Sitotroga  cerealella  (Oliv.)).  It  is  second  in 
importance  only  to  the  rice  weevil  in  its  ability  to  destroy  grain  (Fig. 

16i ).  ,  ,  . 

A  large  group  of  beetles  which  feed  on  grain  dust,  broken  kernels,  germ 

or  the  softer  portions  of  grain  are  referred  to  as  bran  beetles, 
mouthparts  are  not  prolonged  into  beaks  and  they  are  unable  to  cause 
the  feeding  damage  to  sound  grain  so  characteristic  of  the  gram  weevils. 
The  most  LportiL  of  these  are  the  so-called  flour  beetles  (Tnbohum 
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Fig.  161.  Ear  of  Corn 
with  Practically  all 
Kernels  Destroyed  by 
THE  AnGOUMOIS  GrAIN 

Moth 

Courtesy  of  U.  S.  Dept.  Agr. 


confusum  (Duv.),  Fig.  162,  and  T.  castaneum  (Hbst)).  They  are  the 
chief  pests  of  milled  cereal  products. 

The  bran  beetles  as  a  group  have  the  habit  of  laying  their  eggs  in¬ 
discriminately  in  or  near  grain  or  its  milled  products.  Their  larvae  are 
for  the  most  part  free  living,  although  larvae  of  the  flour  beetle,  the 
Cadelle  and  the  flat  grain  beetle  occasionally  burrow  into  kernels  of 
grain.  It  is  characteristic  of  most  of  these  beetles  that  generations  are 
sho’  t,  the  rate  of  reproduction  high  and  individuals  are  long  lived.  Gray 
(1948)  has  calculated  that  the  progeny  of  a  single  pair  of  confused  flour 
beetles  could  exceed  a  million  in  150  days  under  favorable  conditions. 

A  number  of  moths  are  general  feeders  on  grain  and  its  products  The 
most  important  moth  pest  of  grain  in  North  America  is  the  Indian  meal 
moth  (Plodia  inter punctella  (Hbn.))  Fig.  163,  whereas  the  Mediterra- 
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Courtesy  of  U.  S.  Dept.  Agr. 


Fig.  162.  Pupae,  Adults  and  Larvae  of  the  Confused  Flour  Beetle  ( Tribolium 

confusum  ( Dur. ) ) 


nean  flour  moth  ( Anagasta  kiihniella  (Zell.))  is  most  troublesome  as  a 
pest  of  milled  products  in  flour  mills. 

A  detailed  account  of  the  life  history  and  habits  of  the  common  pests 
of  stored  grain  and  milled  cereals  and  their  control  has  been  published 


by  Cotton  ( 1956). 

In  the  commercial  corn  growing  area  of  Illinois,  Iowa,  Nebraska,  Min¬ 
nesota  and  South  Dakota,  the  six  species  most  commonly  found  in  stored 
shelled  corn  and  constituting  more  than  98  per  cent  of  the  insect  popula¬ 
tion  are  the  saw-toothed  grain  beetle  ( Oryzaephilus  surinamensis  (L. ) ), 
flat  grain  beetle  ( Laemopliloeus  (spp. ) ),  red  flour  beetle,  the  foreign  grain 
beetle  ( Ahasverus  advena  (Waltl.)),  larger  black  flour  beetle  ( Cynaeus 
angustus  ( Lee. ) )  and  the  hairy  fungus  beetle  ( T yphaea  stercorea  ( L. ) )  • 
The  first  three  species  comprise  the  greater  portion  of  the  insect  popu  a- 
tion.  In  the  South,  where  field  infestation  is  common,  the  rice  weevil  is 

by  far  the  most  abundant  species  in  stored  corn. 

'  In  the  Great  Plains  hard  winter  wheat  region,  seven  species  constitute 
more  than  90  per  cent  of  the  insect  population  of  wheat  in  farm  storage: 
the  flat  grain  beetle,  saw-toothed  grain  beetle,  lessei  giain  orer,  re 
flour  beetle,  long-headed  flour  beetle  < Latheticus  oryzae  (WaterMj, 
Cadelle  (Tenebroides  mauritameus  (L.)),  and  the  rice  uei 
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Courtesy  of  U.  S.  Dept.  Agr. 

Pic,.  163.  The  Indian  Meal  Moth  (Ploclia  interpunc- 
tella  Hbn. )  Infesting  Ear  of  Corn 


relative  abundance  varies  with  climatic  conditions.  In  the  northern  parts 
of  the  legion,  the  hardier  species,  the  flat  grain  beetle  and  the  saw-toothed 
grain  beetle,  predominate.  In  the  southern  part,  the  lesser  grain  borer 
and  the  rice  weevil  become  increasingly  abundant. 

Along  the  Eastern  Seaboard  the  Angoumois  grain  moth  is  occasionally 

one  of  the  common  pests  of  stored  wheat,  although  ordinarily  the  flat 

grain  beetle  and  the  rice  weevil  are  the  most  abundant  species  there. 

round  in  greatest  numbers  in  rough  rice  in  storage  are  the  Angoumois 

grain  moth,  rice  weevil,  flat  grain  beetle,  lesser  grain  borer  and  the  red 
Hour  beetle. 


Moths  that  attack  grain  are  not  the  most  abundant  species;  however 
they  occasionally  appear  in  tremendous  numbers  wherever  grain  is  stored’ 
They  confine  their  activities  largely  to  the  surface  grain,  and  their  cater- 
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pillars  spin  silken  threads  which  mat  the  kernels  together  and  form  a 
silken  web  over  the  tops  of  the  bins.  The  Indian  meal  moth,  the  chief 
offender  in  the  United  States,  attacks  all  types  of  grain.  The  almond 
moth  ( Ephestia  cautello  ( Walk. ) )  is  at  times  abundant  in  stored  rice  and 
in  shelled  corn  in  the  South. 

Field  Infestation 

Many  of  the  insect  pests  of  stored  grain  are  to  be  found  living  in  the 
field  in  regions  where  climatic  conditions  are  favorable  for  their  exis¬ 
tence.  They  breed  in  the  seeds  of  many  wild  and  cultivated  plants,  and 
in  the  South  and  Central  States  attack  some  types  of  grain  as  it  begins  to 
ripen  in  the  field. 

Small  grains  such  as  wheat,  barley,  rye,  oats  and  rice  are  protected  by 
the  glume  or  husk  which  surrounds  the  kernel.  Field  infestation  of  small 
grains  by  the  rice  weevil  is  rare  (Cotton  et  al.  1953),  however,  the  An- 
goumois  grain  moth  is  quite  capable  of  infesting  small  grains  in  the  field. 

Corn  and  sorghum  grain  are  attacked  by  a  number  of  insects  in  the 
field.  In  the  case  of  corn,  the  tips  of  the  ears  are  frequently  exposed,  and 
where  the  shuck  is  damaged  by  the  corn  earworm  larva,  it  is  easy  for 
weevils  to  reach  the  kernels.  Heavy  flights  of  the  rice  weevil  from  in¬ 
fested  corn  cribs  and  other  breeding  areas  occur  in  the  South,  and  it  is 
not  unusual  to  find  cornfields  in  Georgia,  Florida,  Alabama,  Mississippi, 
Louisiana  and  Texas  with  almost  every  ear  infested  in  the  field  before 
harvest. 

Floyd  and  Powell  (1958)  state  that  in  Louisiana  in  1955,  infestation 
records  made  in  the  field  at  the  time  of  harvest  or  immediately  thereafter 
showed  that  the  average  kernel  damage  or  infestation  for  the  state  was 
8.67  per  cent,  with  37  per  cent  of  the  ears  infested.  Corn  from  this  same 
cribs  in  the  following  May  1956  after  6  to  7  months  storage  on  the  farm 
averaged  13.5  per  cent  kernel  damage,  and  in  August  21.6  per  cent.  The 
initial  damage  was  caused  by  the  rice  weevil;  however,  infestations  of  the 
Angoumois  grain  moth,  which  occurred  during  storage,  added  to  the  loss. 

Infestation  in  Storage 

In  the  commercial  corn  growing  area,  field  infestation  by  insects  is 
slight  except  in  southern  Illinois,  Indiana,  Missouri  and  Kansas.  Stoiage 
of  corn  on  the  ear  in  slat  cribs  during  the  first  winter  of  storage  on  the 
farm  in  this  region  results  in  the  destruction  of  most  insect  life  as  a  re 
suit  of  exposure  to  the  killing  frosts.  It  is  not  until  the  corn  is  shelled  and 
stored  as  shelled  grain  that  serious  damage  from  insect  attack  is  like  y 
except  during  years  when  outbreaks  of  the  Angoumois  grain  moth  follow 

a  succession  of  mild  winters. 
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Insect  infestation  of  small  grains  and  shelled  corn  occurs  during  stor¬ 
age  on  the  farm.  Insects  concealed  in  the  woodwork  of  bins  or  migrat¬ 
ing  from  other  lots  of  stored  grain  or  feed  on  the  farm  account  for  the 
origin  of  much  of  this  infestation. 

The  rapid  build  up  of  the  insect  population  in  untreated  bins  of  grain 
during  the  summer  months  is  indicated  by  studies  conducted  in  Kansas 
during  1946  to  1950  (Cotton  et  al.  1953  and  Cotton  1949).  The  average 
adult  insect  population  of  bins  of  wheat  during  September  of  these  years 
averaged  from  735,480  to  3,023,640  per  1000  bushels.  During  the  period 
from  July  to  November,  the  average  adult  insect  population  of  wheat  bins 
in  farm  storage  increased  from  40.8  insects  per  1000  gm.  (about  one 
quart)  in  July,  to  129.1  per  10(X)  gm.  in  October.  More  than  100,000,000 
bushels  of  wheat  were  in  farm  storage  in  Kansas  during  that  period,  and  a 
simple  calculation  shows  that  the  insect  population  of  that  wheat  in  Octo¬ 
ber  exceeded  350  billions.  These  insects  destroyed  between  1  and  2  per 
cent  of  the  wheat  per  month  during  the  period  July  to  November.  A  con¬ 
servative  estimate  of  the  loss  in  1947  of  wheat  stored  on  farms  in  Kansas 
alone  would  be  5,000,000  bushels. 


Feeding  Losses 

The  insect  pests  of  stored  grain  are  capable  of  devouring  their  own 
weight  and  more  of  food  each  week,  and  their  larvae  consume  many 
times  their  weight  during  the  period  of  their  development.  According  to 
Richards  (1947),  a  rice  weevil  larva  turns  about  14  mg.  of  a  kernel  of 
wheat  into  carbon  dioxide  and  water,  produces  14  mg.  of  excrement,  and 
consumes  about  two-thirds  of  the  endosperm  during  its  development. 

White  ( 1953 )  also  studied  the  loss  in  weight  of  wheat  caused  by  the 
developing  rice  weevil.  He  exposed  wheat  kernels  to  infestation  by  the 
rice  weevil,  screened  out  the  adult  weevils,  determined  the  percentage  of 
infested  kernels  by  use  of  X-ray  radiography,  and  weighed  the  infested 
samples  each  week  for  seven  weeks  or  until  emergence  was  complete 
He  found  a  steady  loss  in  weight  each  week  as  a  result  of  the  oxidation 
of  the  endosperm  consumed  by  the  feeding  weevil  grubs. 

In  samples  which  contained  30  per  cent  of  infested  kernels  the  loss  in 
weight  for  the  first  four  weeks  was  about  four  per  cent,  although  no  in¬ 
festation  was  visible.  At  the  end  of  seven  weeks,  when  emergence  was 
omplete,  the  loss  was  ten  per  cent  of  the  weight  of  the  entife  sample 
rom  these  figures  it  has  been  calculated  that  each  per  cent  of  infested 
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sideration.  These  figures  enable  one  to  calculate  roughly  the  amount  of 
damage  alieadv  sustained  from  an  infestation  of  the  rice  weevil. 

Crombie  (1944)  found  that  the  saw-toothed  grain  beetle  consumed 
6.75  mg.  of  food  per  week  as  a  larva  and  from  2.0  to  2.5  mg.  per  week  as 
an  adult,  whereas  the  confused  flour  bettle  consumed  26  mg.  per  week  as 
a  larva  and  from  2.0  to  3.0  mg.  per  week  as  an  adult.  Richards  and  Wal- 
off  (1946),  reported  that  one  larva  of  a  grain-feeding  moth  ( Ephestia 
cautella  (Hbn.))  consumed  the  embryos  of  about  48  kernels  of  wheat 
during  its  development. 


Other  Losses  Resulting  From  Infestation 


In  addition  to  the  loss  from  grain  actually  consumed,  the  consequences 
resulting  from  the  presence  of  insect  forms  that  live  and  feed  within  the 
kernels  of  infested  grain  are  of  paramount  importance.  These  internal 
feeding  insects  and  their  contamination  cannot  be  entirely  removed  by 
any  practical  known  method.  Studies  by  Harris  et  ah  ( 1952)  showed  that 
in  the  case  of  wheat  the  effect  of  cleaning  on  the  reduction  of  insect  con¬ 
tamination  varied  from  mill  to  mill.  However,  although  it  varied  from 
none  to  more  than  50  per  cent,  the  average  reduction  was  about  one-third. 

In  the  milling  process  insect  bodies  and  their  excrement  within  the  ker¬ 


nels  of  grain  are  milled  along  with  the  grain,  so  that  flour  made  from 
infested  grain  becomes  contaminated  with  insect  fragments.  For  this 
reason  grain  that  becomes  materially  infested  with  the  common  insect 
pests  of  these  commodities  is  unfit  for  processing  into  human  food.  In 
general,  it  has  been  found  by  millers  that  wheat  with  more  than  0.5  per 
cent  of  infested  kernels  is  undesirable  for  milling.  For  domestic  flour 
production  some  mills  will  not  use  wheats  for  their  mill  mixes  th.it  con¬ 
tain  more  than  8  internal  insect  forms  per  100  gm. 

Insects  cause  other  kinds  of  damage  to  stored  grain.  Many  species 
feed  almost  entirely  on  the  germ  of  the  grain  so  that  its  viability  is  re¬ 
duced  and  much  larger  quantities  of  infested  than  uninfested  grain  must 
be  used  for  seed.  From  the  viewpoint  of  food  value,  the  most  nutritious 
portions  of  grain  are  preferred  by  insects  and  are  eaten  first. 

The  mere  presence  of  a  living,  active,  population  of  insects  in  a  bulk  o 
of  grain  causes  heat  to  accumulate  as  a  result  of  their  metabolic  proc¬ 
esses.  When  the  surface  grain  cools,  water  vapor  is  translocated  to  it  from 
the  area  of  the  heating  grain  and  condenses  in  the  cooler  grain.  n 
extreme  cases,  the  surface  grain  rots,  moulds  or  begins  to  sprout  Al¬ 
though  the  damage  does  not  usually  extend  more  than  wo  eet  below  the 
surface,  the  entire  grain  mass  may  be  contammated  with  Aejm  , , 
rotten  surface  grain  when  the  bin  is  emptie ,  so 
“sample  musty,”  and  must  be  offered  for  sale  at  a  discount. 
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A  lowering  of  the  grade  of  grain  is  often  caused  by  off-odors  or  insect 
damage  and  the  milling  quality  and  milling  yield  of  infested  grain  is  re¬ 
duced.  In  a  study  by  Walkden  ( 1951 ),  the  damage  caused  by  insects  to 
farm  stored  wheat  during  five  months  of  storage  was  assessed  in  four  un¬ 
treated  bins  in  which  the  wheat  was  weighed  into  and  out  of  storage  and 
graded  for  quality  as  shown  in  Table  141. 


Table  141 


CHANGES  IN  CONDITION  OF  FARM  STORED  WHEAT  OVER  5-MONTH  PERIOD  AS  A  RESULT  OF 

INSECT  INFESTATION1 


Original  Test 
Weight 

Lbs.  per  Bushel 

Original 

Grade 

Insect 
Damage 
Per  cent 

Test  VVt.  at 
Delivery 
Lbs.  per  Bu. 

Grade  at 
Delivery 

Discount 
per  Bu. 
Cents2 

60 

1  HW 

3 

58 

2  HW 

1 

58 

2  HW 

3 

56 

3  HW 

2 

58 

2  HW 

10 

52 

4  HW  Weevily 
Sample  HW 
musty,  weevily 

5-10 

58 

2  HW 

14 

50 

20-30 

1  Walkden  (1951). 

2  Based  on  No.  1  hard  winter  wheat  at  SI. 96  per  bushel. 


The  reduction  in  milling  yield  of  wheat  due  to  infestation  was  de¬ 
scribed  by  Burquest  (1955)  in  an  experiment  on  the  effect  of  the  number 
of  internal  insect  forms  in  wheat  on  the  milling  yield.  He  reached  the 
conclusion  that  millers  will  encounter  difficulty  with  an  ash  in  flours  milled 
from  infested  wheat.  He  found  what  appeared  to  be  a  direct  correlation 
between  insect  fragments  in  flour  and  the  ash  content  if  the  degree  of  in¬ 
festation  exceeds  7  to  12  internal  forms  per  100-grn.  sample. 

When  wheat  containing  sufficiently  high  degrees  of  internal  infestation 
is  milled,  increases  of  ash  in  certain  streams  require  their  diversion  to 
lower  grades  of  flour  resulting  in  a  loss  of  patent  or  higher  grade  flour. 
With  wheat  containing  12  internal  forms  per  100  gm.  there  was  a  loss  of 
1.5  per  cent  of  patent  flour.  A  mill  grinding  15,000  bushels  of  wheat  per 
day  would  lose  135  cwt.  of  patent  flour  with  a  corresponding  increase  in 
the  lowei  grades  of  flour.  He  concluded  that  the  milling  of  infested 
wheat  even  at  a  low  level  is  expensive.  He  found  that  wheat  which  be¬ 
comes  infested  to  a  degree  of  7  to  12  internal  forms  per  100  gm.  suffers 
a  2  per  cent  loss  of  weight  over  a  60-day  period.  In  wheat  containing 
20  lnternal  forms>  the  test  weight  and  grade  was  seriously  affected. 


INSECT  CONTAMINATION  IN  WHEAT  AND  WHEAT  FLOUR 
Insect  contamination  in  flour,  corn  meal,  or  other  milled  cereal  prod- 

The  fihhTT  C°r,dCr?b,e  C°nCern  t0  the  miller>  Pressor  “d  baker. 
....  “  7  Pr°duetS  Can  be  ““urately  determined  by  analyti- 

hods’  and  ,f 1S  “cessive,  such  products  are  subject  to  seizure  V 
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The  control  of  insect  infestation  in  mills,  processing  plants  and  baker¬ 
ies  has  advanced  to  such  a  high  level  by  modern  methods  of  sanitation 
and  the  judicious  use  of  fumigants  and  newly  developed  insecticides  that 
insect  populations  are  held  to  such  low  levels  that  contamination  of  milled 
cereals  or  bakery  products  in  the  modern  plant  is  insignificant  from 
this  source. 

A  cooperative  study  between  industry  and  the  Food  and  Drug  Admin¬ 
istration  on  insect  and  rodent  contamination  of  wheat  and  wheat  flour 
(Harris  et  al.  1952)  showed  that  the  major  source  of  contamination  of 
flour  is  the  wheat  in  market  channels. 

In  the  course  of  this  study,  samples  of  wheat  and  flour  were  taken  from 
16  mills,  located  in  representative  parts  of  the  country,  at  regular  inter- 

Table  142 

RELATIONSHIP  BETWEEN  INSECT  FRAGMENTS  IN  THE  FLOUR  TO  INSECTS  IN  THE  CLEANED  AND 

UNCLEANED  WHEAT1 


Insect  Frag.  Per 

Number 

Cumulative 

Insects  by  Cracking  100  Gm.  Wheat 

50  Gm.  Flour 

of 

Per  cent  of 

Uncleaned 

Cleaned 

Range 

Samples 

Total 

Range 

Average 

Range 

Average 

0 

18 

6.8 

0-  1 

0.06 

0-  0 

0.00 

1-5 

77 

35.7 

0-  3 

0.31 

0-  2 

0.16 

6-10 

29 

46.6 

0-  4 

0.86 

0-  2 

0.48 

11-15 

14 

51  .9 

0-  6 

1.50 

0-  1 

0.50 

16-20 

10 

55.7 

1-  5 

2.60 

0-  4 

1.10 

21-30 

31 

67.3 

0-10 

3.26 

0-11 

2.29 

31-40 

22 

75.6 

1-13 

4.77 

0-10 

3.59 

41-50 

13 

80.5 

2-12 

6.31 

2-  9 

4.77 

51-60 

8 

83.5 

3-13 

7.12 

3-  9 

4.88 

61-80 

16 

89.5 

4-14 

8.50 

3-12 

5 . 38 

81-100 

5 

91.4 

2-13 

9.80 

5-11 

6.60 

101-150 

10 

95.2 

4-34 

10.80 

3-31 

8 . 50 

151  and  Over2 

13 

100.0 

4-78 

30.77 

4-58 

23.38 

Total  or  average 

2  266 

4.2 

3 .  u 

*  Actual  counts:95!2^,  191,  204,  205,  212,  229,  242  261,  342,  365,  748,  774,  1022. 
3  Over-all  averages;  not  taken  from  figures  in  table. 


vals  over  a  period  of  one  year  to  determine  the  relationship  of  insect  in¬ 
festation  in  wheat  to  the  insect  fragment  count  in  flour  made  from  it.  In¬ 
sect  and  rodent  contamination  in  market  wheat  was  also  determined  from 
the  examination  of  1410  samples  taken  from  109  mills  over  a  similar 


The  close  relationship  between  the  number  of  insect  fragments  in  flour 
and  the  number  of  insects  in  the  wheat  used  for  milling  is  shown  by  the 

data  of  Table  142,  taken  from  the  report. 

The  insect  fragment  counts  are  listed  as  ranges  of  increasing  magn 
tude.  The  number  of  samples  in  each  range  is  shown,  the  range  m  » 
ber  of  insects  and  the  average  number  of  insects  found  in  the  unclean 


wheat. 
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Table  143 


DISTRIBUTION  OF  SAMPLES  IN  RELATION  TO  THE  NUMBER  OF  INSECTS  (1000  GM.  CRACKING  TEST  ) 

INCLUDING  BREAKDOWN  BY  TYPE  OF  WHEAT1 

Type  of  Wheat 

Insects  HRS  HRW  SRW  White 


by  Number  Per  cent 


Cracking 

Test 

of 

Samples 

of 

Samples 

No. 

Per 

cent2 

No. 

Per 

cent2 

No. 

Per 

cent2 

No. 

Per 

cent2 

0 

676 

47.9 

236 

79.3 

268 

34.8 

54 

30.5 

107 

76.4 

1 

173 

12.3 

30 

10.1 

91 

11  .8 

31 

17.5 

17 

12.2 

2 

111 

7.9 

13 

4.4 

70 

9.1 

22 

12.4 

4 

3.0 

3 

70 

5.0 

7 

2.4 

56 

7.3 

5 

2.8 

1 

0.7 

4 

71 

5.0 

6 

2.0 

52 

6.8 

10 

5.6 

2 

1.4 

5 

51 

3.6 

1 

0.3 

42 

5.5 

4 

2.3 

T 

0.7 

6 

40 

2.8 

1 

0.3 

32 

4.2 

5 

2.8 

7 

32 

2.3 

24 

3.1 

7 

3.9 

1 

0.7 

8 

23 

1 .6 

1 

0.3 

18 

2.3 

4 

2.3 

9 

27 

1 .9 

1 

0.3 

24 

3.1 

1 

0.6 

1 

0.7 

10 

22 

1.6 

1 

0.3 

19 

2.5 

2 

1  . 1 

11 

12 

0.8 

7 

0.9 

4 

2.3 

1 

0.7 

12 

14 

1  .0 

11 

1.4 

2 

1.1 

1 

0.7 

13 

10 

0.7 

7 

0.9 

2 

1  . 1 

1 

0.7 

14 

7 

0.5 

6 

0.9 

1 

0.6 

15 

7 

0.5 

6 

0.8 

1 

0.6 

16-50 

54 

3.8 

1 

0.3 

31 

4.0 

18 

10.2 

3 

2  1 

51-100 

8 

0.6 

5 

0.6 

3 

1  7 

Over  1003 

3 

0.2 

1 

0.1 

2 

0.6 

Totals 

1411 

100.0 

298 

100.0 

770 

100.0 

178 

100.0 

140 

100.0 

1  Harris  et  al.  (1952). 

\  Per  cent  of  each  particular  type  having  given  level  of  infestation. 
3  Actual  counts:  277,  125,  107. 


The  authors  conclude  that  of  the  total  of  266  flour  samples  examined 
35.7  per  cent  contained  5  or  less,  55.7  per  cent  contained  20  or  less  and 
80.5  per  cent  contained  50  or  less  insect  fragments  per  50  gm.  of  flour. 
About  nine  per  cent  of  the  samples  contained  more  than  100  insect  frag¬ 
ments  per  50  gm.  The  average  insect  fragment  count  for  all  flour  sam- 
p  es  was  41.3  per  50  gm.  The  average  number  of  insects  per  100  gm  of 
both  Cleaned  and  uncleaned  wheat  increased  progressively  and  in  a  fairly 
regular  manner  with  the  increase  of  insect  fragment  counts. 

As  a  result  of  the  survey  of  1410  samples  of  wheat  taken  from  109  mills 

Sirrsi;  st.n w  whi*=s 
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There  was  a  decrease  in  insect  infestation  in  market  wheat  from  May  to 
September  with  the  marketing  of  the  new  crop  as  would  be  expected, 
followed  by  a  rise  in  September  which  continued  through  the  winter 
months  and  reflected  the  build-up  of  infestation  during  storage. 

Insect  infestation  in  wheat  was  found  to  increase  as  the  wheat  moved 
from  the  farm  to  the  terminal  elevator,  reaching  its  highest  peak  in  the 
terminal  elevators. 


INSECT  CONTAMINATION  OF  MARKET  CORN  AND  CORN  MEAL 
As  a  result  of  the  Food  and  Drug  Administration  survey  concerning  in¬ 
sect  contamination  of  market  corn  and  its  relation  to  contamination  in 
corn  meal  ( Harris  et  al.  1953),  studies  were  made  of  the  insect  contamina¬ 
tion  in  corn  received  at  mills  and  terminal  elevators  over  a  12-month 
period,  and  of  the  contamination  in  corn  meal  made  at  eight  different 
mills. 

The  conclusions  reached  were  that,  substantial  proportions  of  both 
white  and  yellow  corn  being  purchased  by  corn  millers  are  contaminated 
with  internal  feeding  insects.  Only  55  per  cent  showed  no  insects  per 

100  gm.” 


“For  all  samples,  there  was  an  average  reduction  of  about  25  per  cent  in  the 
number  of  internal  insects  by  mill  cleaning  procedures  as  shown  by  the  crack¬ 
ing-flotation  test  before  and  after  cleaning.”  , 

“The  insect  fragment  count  of  bolted  corn  meal  is  closely  related  to  the 
number  of  whole  insects  in  the  corn.  The  ratio  of  fragments  in  bolted  meal 

to  whole  insects  in  the  cleaned  corn  was  12.5:1.  ,  .  , 

“The  incidence  of  insect  infestation  in  white  corn  is  significantly  highei 
than  in  yellow  corn.  Insect  contamination  in  corn  reaches  a  peak  toward  the 

end  of  the  crop  year  (October). 

It  has  been  conclusively  shown  that  contamination  of  giain  supplies 
used  in  milling  is  responsible  for  a  large  proportion  of  the  contamination 
in  milled  cereal  products.  It  follows  that  contamination  in  m^  cer“' 
products  is  responsible  for  contamination  in  flour  mixes,  baby  foods,  . 
erv  noods  and  specialty  products  in  which  these  components  are  used. 
It 'is  essential  therefore  to  be  sure  of  the  quality  of  the  raw  products  usee 
!n  the  preparation  of  food  intended  for  human  use  if  adulteration  of  the 

PrTheCKood  Dru^nd  Osmetic  Act  (1939)  provides  no  tolerances  for 
filth  in  food  products;  however,  the  courts  have n*  that 

u,  - 

of  Hour  supplied  by  a  number  of 
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mills  to  a  large  baking  concern  from  1948  to  1951  was  reported  by  Farrell 
and  Milner  (1952).  From  data  supplied  by  the  baking  concern  they 
found  that  the  average  insect  fragment  count  of  flours  supplied  in  1948 
was  consistently  above  100  per  pound  from  alb  sources,  whereas  by  1950 
the  average  was  well  below  100  per  pound. 

Milner  (1958)  states  that  flour  currently  being  supplied  to  the  baking 
industry  is  now  much  freer  from  insect  fragment  contamination  and  con¬ 
tains  on  the  average  less  than  50  insect  fragments  per  pound. 

THE  DETECTION  OF  INSECT  INFESTATION 


Introduction 

Reliable  means  to  evaluate  the  wholesomeness  of  grain  and  milled  ce¬ 
real  products  are  available.  They  consist  of  a  combination  of  rigid  inspec¬ 
tion  and  micro-analytical  methods.  These  procedures  should  be  used  to 
head  off  trouble.  In  the  case  of  grain,  simple  tests  can  be  applied  by 
field  men  to  determine  the  condition  of  stocks  of  bulk  grain  before  they 
are  purchased. 

In  most  cases  where  grain  contains  an  appreciable  insect  infestation, 
there  will  be  a  large  enough  percentage  of  kernels  with  insect  emergence 
holes  to  give  a  rough  indication  of  the  actual  quantity  of  infestation  pres¬ 
ent.  Infestation  in  grain  usually  becomes  apparent  to  the  naked  eye  when 
the  level  of  internal  infestation  reaches  3  insects  per  100  gm.  This  is  far 
below  the  one  per  cent  level  set  by  the  Food  and  Drug  Administration 
as  warranting  seizure.  The  presence  of  free  living  insects  in  the  grain 
can  easily  be  determined  by  sieving. 

Many  methods  of  estimating  the  extent  of  internal  insect  infestation  in 
gram  have  been  suggested.  Only  a  few  are  currently  in  use;  however  it 
seems  desirable  to  describe  a  few  of  the  methods  which  have  been  pro- 
posed  during  recent  years. 


The  Carbon  Dioxide  Test 

Howe  and  Oxley  ( 1944  and  1952)  proposed  a  method  based  on  a  meas- 
m  uncut  of  the  total  metabolism  of  the  sample  to  be  examined  Bv 
measuring  the  quantity  of  carbon  dioxide  produced  in  a  given  sample 
of  gram  by  the  metabolism  of  insects  of  he  •,  u  c  ple 

organisms,  a  direct  measure  of  he  uitabi  v  o  h  ”  °*  tmicr°- 
Storage  is  obtained.  s.utalnhty  of  the  grain  for  further 

The  grain  sample  should  be  aerated  cipw>rl  fn  r 

™.st  completely  fill.  The  container  is 
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hours  at  77  F.  The  glass  bottles  should  he  closed  with  rubber  stoppers 
and  provided  with  a  tube  of  small  bore  for  withdrawing  an  air  sample  at 
the  end  of  the  incubation  period. 

At  the  end  of  the  24-hour  incubation  period  a  gas  sample  is  taken  and 
the  per  cent  concentration  of  carbon  dioxide  determined  with  a  suitable 
apparatus. 

If  the  carbon  dioxide  concentration  exceeds  one  per  cent  at  the  end  of 
that  period,  it  is  certain  that  a  potentially  dangerous  insect  infestation  is 
present.  Uninfested  grain  of  less  than  15  per  cent  moisture  content  may 
produce  up  to  0.25  per  cent  CCU,  so  that  a  figure  up  to  0.3  per  cent  may 
represent  insect-free  grain  if  the  moisture  content  of  the  grain  is  14  per 
cent,  or  above.  If  the  moisture  content  of  the  grain  is  below  14  per  cent, 
such  a  reading  woidd  indicate  a  slight  infestation.  A  reading  between 
0.3  and  0.5  per  cent  indicates  either  a  slight  infestation  or  rather  high  ac¬ 
tivity  by  micro-organisms  due  to  a  moisture  content  higher  than  15  per 
cent.  A  figure  between  0.5  and  1.0  per  cent  indicates  that  grain  is  unfit 
for  prolonged  storage. 

The  authors  consider  it  possible  to  estimate  from  the  COo  figure  the 
number  of  certain  insects  which  are  present  within  the  grains.  A  one 
per  cent  C02  figure  indicates  an  infestation  of  approximately  one  rice 
weevil  larva  per  650  grains  or  about  25  larvae  per  pound. 

The  method  has  the  advantage  of  being  simple  to  use  and  does  not  re¬ 
quire  the  close  scrutiny  of  individual  kernels.  It  has  the  disadvantage  of 
requiring  considerable  time  to  complete  a  test  and  does  not  indicate  the 
presence  of  dead  insects. 


Use  of  Stains 

A  more  rapid  method  of  detecting  the  presence  of  weevil  infestation 
within  grain  was  described  by  Frankenfeld  (1948).  He  employed  an 
acid  fuchsin  stain  whereby  the  gelatinous  weevil-egg  plugs  were  stainec 
a  bright  cherry  red,  and  feeding  punctures  and  mechanical  injury  stained 
a  light  pink.  *The  stain  was  prepared  by  mixing  50.0  ml.  glacial  acetic 
acid  in  950  ml.  of  distilled  water  and  adding  0.5  gm.  acid  fuchsin  (  o  or 
Index  692).  Uniform  samples  of  grain  prepared  by  soaking  m  warm 
water  for  5  minutes,  were  immersed  in  the  stain  for  2  to  5  minutes  after 
which  the  excess  stain  was  removed  by  washing  in  tap  water. 

The  egg  plugs  are  about  the  size  of  an  ordinary  pin  pnc  '  ant  * 

readily  “.L  with  the  naked  eye.  Goose*  (1949)  suggested  a  s.mdar 

staining  method.  The  wheat  is  exposed  for  two  mix.,  es  in  a  solution 
containing  ten  drops  of  a  one  per  cent  aqueous  stock  solution  of  gentu 
violet  in  50  ml.  of  95  per  cent  ethanol.  The  egg  plugs  are  staine  a  1 

color. 
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A  water-soluble  fluorescent  dye,  berberine  sulfate,  was  suggested  by 
Milner  et  al.  (1950)  for  the  same  purpose.  By  this  method  kernels  of 
wheat  are  immersed  in  a  dilute  solution  of  berberine  sulfate  ( 20  p.p.m. ) 
for  one  minute,  rinsed  and  examined  under  ultra-violet  light  (wave  length 
of  3660A )  for  the  greenish-yellow  egg  plugs. 


Flotation  Methods 


Studies  by  White  (1956)  indicates  that  a  mixture  of  two  solutions  of 
different  specific  gravity  can  be  used  to  make  a  rapid  separation  of  in¬ 
fested  from  non-infested  kernels  in  a  sample  of  wheat.  The  mixture 
consists  of  a  solution  of  sodium  silicate  (Na^S^Or)  in  water  with  a  spe¬ 
cific  gravity  of  1.160  to  1.190  to  which  is  added  1,1,1-trichloroethane  ad¬ 
justed  to  a  specific  gravity  of  1.30  with  deobase  oil.  When  placed  to¬ 
gether  a  definite  separation  level  is  formed  between  the  two  liquids. 
The  lighter  sodium  silicate  solution  remains  on  top  of  the  heavier  1,1,1- 
trichloroethane-oil  solution.  Kernels  of  wheat  containing  mature  or 
nearly  mature  larvae  float  on  top  of  the  sodium  silicate  solution.  Kernels 
containing  early  stages  of  weevil  larvae  and  some  non-infested  light 
weight  kernels  are  buoyed  up  to  the  separation  level  of  the  two  liquids 
by  the  1.30  specific  gravity  1,1,1-trichloroethane-oil  solution.  Non- 
infested,  normal-weight  kernels  sink  to  the  bottom. 

By  placing  a  1000-kernel  sample  of  wheat  in  a  glass  beaker  of  the 
mixture  and  stirring  it  to  wet  the  kernels,  a  quick  separation  is  obtained. 

If  there  are  no  kernels  in  the  top  layer  the  sample  can  be  considered  free 
from  serious  infestation. 


In  the  presence  of  floating  kernels,  the  degree  of  infestation  can  be 
estimated  by  the  relationship  between  the  number  of  floaters  and  the  size 
o  the  sample.  This  test  should  be  of  value  at  the  country  elevator  level 
where  a  quick  method  of  detecting  infestation  in  grain  is  needed. 

APt  (195-)  proposed  the  use  of  a  flotation  technique  whereby  a  100- 
gm.  sample  of  wheat  is  placed  in  a  two  per  cent  ferric  nitrate  solution 
made  by  adding  two  grams  of  hydrated  ferric  nitrate  to  100  ml.  „f  water! 

tr  ■  seconds  agitation  of  the  samples  to  wet  the  kernels,  those  with 
weevil-emergence  holes  will  float  and  can  he  counted. 


Sodium  Hydroxide  Gelatinization  Method 
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Abrasive  Method 

In  1950,  workers  at  the  University  of  Wichita  suggested  a  novel  method 
of  examining  samples  of  wheat  for  internal  insect  infestation  whereby 
the  samples  of  grain  were  glued  to  a  flat  surface  in  a  layer,  one  kernel 
deep.  The  kernels  were  then  sanded  so  as  to  remove  the  outer  bran  coat 
and  expose  internal  feeding  forms.  The  samples  of  grain  were  examined 
under  ultra-violet  light  so  that  the  fluorescing  insect  excrement  would 
facilitate  the  finding  of  infestation. 

Chemical  Detection  of  Insect  Phenols 

Potter  and  Shellenberger  ( 1952 )  described  a  method  of  detecting 
insect  contaminates  in  cereals  by  a  spectrophotometric  procedure.  The 
method  is  based  upon  the  spectrophotometric  analysis  of  dehydroxy- 
phenol  which  occurs  in  insect  cuticle.  These  phenols  produce  pheno- 
lindophenol  dyes  when  reacted  with  2,6-dichloroquinone  chlorimide.  Ac¬ 
cording  to  Milner  (1958)  the  method  is  promising  but  will  require  con¬ 
siderable  research  to  perfect  it. 


Separation  by  Air 

Milner  et  al.  (1953)  proposed  an  ingenious  method  of  using  a  blast  of 
air  to  separate  infested  from  non-infested  kernels  of  wheat.  They  found 
that  a  seed  blowing  device  could  be  adapted  to  provide  a  reasonably 
quantitative  segregation  of  light  or  weevil  cut  kernels.  The  wi  iters  claim 
this  device  reduces  by  a  factor  of  ten  or  better  the  numbei  of  kernels  in 
a  given  sample  which  must  be  examined  for  infestation. 


Detection  by  Sound 

The  detection  of  the  presence  of  insects  working  inside  objects,  when 
they  are  hidden  from  view,  has  been  attempted  with  some  success  by 
amplifying  the  sounds  made  by  the  insects  in  moving  01  feeding,  he 
cently  Adams  et  al.  (1953)  described  a  portable  apparatus  employing  a 
special  electronic  amplifier  and  an  oscillograph  for  the  aural  detection  of 
insects  within  grain.  The  difficulty  of  estimating  infestations  quanti¬ 
tatively  and  the  impossibility  of  detecting  the  presence  of  dead  insects 

are  serious  limitations  of  this  method. 

Of  the  several  methods  proposed  for  detecting  the  presence  of  interna 
insect  infestation  within  kernels  of  grain,  the  two  most  accurate  and  most 
commonly  used  are  the  “cracking-flotation  method  and  the  .  y 
method.  Owing  to  the  high  initial  cost  of  X-ray  equipmen  an 
added  cost  of  operation,  many  operators  rely  on  the  cracking 

method. 
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“Cracking-Flotation”  Method 

With  this  method  cleaned  grain  is  coarsely  ground  to  release  the  in¬ 
ternal  insects  and  is  either  soaked  in  a  water-alcohol  mixture  or  in  boiling 
water  and  then  mixed  with  gasoline  or  mineral  oil.  The  insects  or  insect 
parts  are  floated  off  with  the  oil  layer  in  a  Wildman  trap  flask,  collected 
on  a  piece  of  filter  paper  and  counted.  In  the  process  of  grinding,  some 
of  the  insects  are  broken,  but  characteristic  parts  such  as  the  heads  can  be 
counted  and  a  fairly  reliable  estimate  of  the  number  of  whole  insects 
arrived  at.  A  detailed  description  of  the  “Cracking-Flotation  Method” 
as  used  by  Harris  et  al.  (1952)  in  their  survey  of  insect  contamination  in 
wheat  follows: 


Cracking  and  flotation  procedure— After  cutting  out  slightly  over  100  gm.  with 
the  Jones  sampler,  weigh  out  100  grains.  Transfer  a  small  amount  at  a  time 
onto  a  5  or  8  inch  No.  12  U.  S.  standard  sieve  and  brush  with  a  stiff-bristle 
brush  to  work  the  surface  insects  through  the  sieve  as  nearly  quantitatively  as 
practicable.  Grind  the  screened  wheat  in  a  buhr  or  Wiley  mill  set  just  fine 
enough  to  cut  the  kernels  approximately  into  eighths,  or  with  no  granules  any 
coarser  than  two  mm.  1  ransfer  all  of  the  cracked  wheat  to  a  two-liter  trap 
flask  and  brush  into  the  container  any  residue  that  may  remain  in  the  mill 
after  grinding  Add  about  400  ml.  of  60  per  cent  alcohol  and  mix  thoroughly. 
\\  ash  down  the  sides  of  the  flask  with  sufficient  60  per  cent  alcohol  to  bring  the 
total  volume  to  (  00-900  ml.  and  soak  10  minutes.  Add  35  to  50  ml.  of  caso- 
hne  mix  thoroughly,  and  allow  to  stand  five  minutes.  Fill  with  60  per  cent 
alcohol,  allow  to  stand  30  minutes  and  trap  off  into  a  beaker.  Mix  ?5  to  30 
ml.  of  gasoline  into  the  trap  flask,  then  5  ml.  of  60  per  cent  alcohol  and  after 
30  minutes  trap  off  into  the  same  beaker.  Filter  through  a  10XX  bolting  cloth 
1  a  s  aic^y  residue  remains  add  sufficient  concentrated  HCI  to  make  1  to  2 

e  LZ  r,5  0Vg  r  a  b0iVhe?  *  WXX  botog  cloth  and 


The  X-Ray  Method 

mSa,ri“s  onf<Ign!nidwrtl;od  1  ::rmming  intemai  *■«* 

By  this  method  X-rav  much'  ^  desc"bed  Mllner  et  al  (1950). 
100-gm.  samples  of  grain.  are  ^sed  to  take  radiographs  of  50  or 

insect  forms  within  the  kernel  sTthat  tl^TlT  ^  presence  of 

rapidly  assess  the  amount  of  ’internal  insect  1  |  worker  <*n 

Milner  (1958):  nsect  mfestation.  According  to 

adiographic  tecSqu^  radiations  than  those  of 

llass  window*;  v«u _ i  .  1  ‘es  X-iay  tubes  with  b#»r\/lli„^ 


. . . 


ol?;  ,!ubes  WlPl  Beryllium  rather  than 

Dur- 
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between  the  radiation  source  and  the  photographic  film.  For  this  reason,  the 
cardboard  fronts  were  cut  from  conventional  X-ray  film-holding  cassettes,  and 
thin  photographic  black  paper  was  substituted.  Commercial  machines  which 
have  been  developed  use  cassettes  made  from  plastic  materials  having  low 
radiation  absorption  coefficients.” 

Several  commercial  concerns  are  now  manufacturing  special  X-ray 
instruments  for  the  radiography  of  grain  samples. 

According  to  Milner  et  al.  ( 1953 )  elimination  of  the  dark  room  and 
the  wet  processing  of  films  is  now  feasible  with  special  Polaroid  radio- 
graphic  media.  Special  film  packets  containing  developing  and  fixing 
chemicals  are  used  in  conjunction  with  a  small  self-contained  developing 
device  which  requires  only  from  1  to  2  minutes  to  produce  dry  finished 
radiographs.  These  are  adequate  for  inspection  purposes  although  they 
do  not  possess  the  detail  and  quality  of  radiographs  made  with  standard 
double-emulsion  X-ray  film. 

UNIFORM  GRAIN  SAMPLES 

The  reliability  of  any  test  for  internal  insect  infestation  depends  upon 
the  uniformity  of  the  grain  sample  examined.  Unless  samples  are  repre¬ 
sentative  of  the  bulk  grain  in  carload  lots,  trucks,  or  bins  of  about  the 
same  depth  as  in  a  carload,  samples  should  be  taken  by  probing  with  a 
standard  6-inch  long  grain  trier  in  five  or  more  places  well  distributed 
over  the  surface  of  the  grain.  One  or  more  surface  samples  can  also  be 
taken.  In  deeper,  farm  type  bins  it  may  be  necessary  to  use  an  exten¬ 
sion  probe  to  sample  the  lower  half  of  the  bin  as  well. 

In  elevators,  samples  can  be  taken  of  grain  as  it  is  turned,  by  use  of 
an  automatic  sampler  or  by  taking  samples  at  frequent  intervals  from  the 
grain  stream  with  a  pelican  sampler. 

In  the  case  of  boats  or  barges,  samples  can  be  taken  of  the  falling  grain 
as  they  are  unloaded,  by  use  of  a  pelican  sampler  or  similar  device. 

Grain  samples  should  be  thoroughly  mixed  and  cut  to  appropriate 
size  with  the  use  of  a  standard  grain  divider. 

EXAMINATION  OF  MILLED  CEREAL  PRODUCTS  FOR  INSECT 

CONTAMINATION 

Milled  flours  used  in  the  preparation  of  specialty  products,  cake  or 
bread  mixes,  or  by  millers  in  preparing  blends  should  always  be  examined 
for  the  presence  of  both  insect  infestation  and  insect  contamination. 
The  presence  of  living  infestation  in  flour  can  be  determined  by  sifting 
through  a  No.  64  wire  screen.  This  will  remove  most  of  the  eggs,  larvae 
and  adults  of  any  insects  which  may  be  piesent. 

At  least  one  per  cent  of  the  bags  of  each  carload  of  shipment  should  be 

sifted. 
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Insect  Fragments 

For  the  detection  of  insect  fragments  in  milled  cereals,  which  may  be 
present  but  are  not  detectable  by  microscopic  examinations,  procedures 
have  been  published  by  the  Food  and  Drug  Administration,  the  Asso¬ 
ciation  of  Official  Agricultural  Chemists,  and  the  American  Association 
of  Cereal  Chemists.  Recommendations  relative  to  useful  procedures 
for  the  examination  of  food  products  for  extraneous  materials  that  will 
also  be  found  useful  to  analysts  are  contained  in  the  Report  of  the  1945- 
46  Committee  of  the  New  York  Section  of  the  American  Association  of 
Cereal  Chemists.  A  bibliography  of  methods  for  the  examination  of  food 
for  filth  was  published  in  1957  by  the  Food  and  Drug  Administration  and 
consists  of  a  joint  issue  of  two  bibliographies  published  by  Kenton  L. 
Harris  in  the  Journal  of  the  Association  of  Official  Agricultural  Chemists. 
It  is  probably  the  most  complete  listing  of  publications  in  this  field  now 
available. 

Essentially  the  process  of  examining  flour  for  filth  consists  of  digesting 
the  sample  with  pancreatin  or  hydrochloric  acid,  making  gasoline  or 
light  mineral  oil  separations  of  the  extraneous  material,  and  identifying 
the  separated  material.  Harris  and  Knudsen  (1948)  in  reporting  on  the 
efficiency  of  various  filth  recovery  procedures,  describe  the  two  pro¬ 
cedures  in  common  use  for  detecting  insect  fragments  in  Hour  as  follows: 


“Digestion  in  pancreatin  solution:  Weigh  50  gm.  of  flour  into  250  ml. 
beaker.  Add  about  60  ml.  pancreatin  soln.  (prepared  as  a  filtered  aqueous 
extract  of  5  gm.  pancreatin  per  100  ml.  ICO)  and  stir  into  smooth  paste.  Add 
about  40  ml.  of  the  pancreatin  soln  (100  ml.  total)  and  mix.  (Adjust  to  pH 
7-8  with  about  saturated  Na;iPO.t  solution.)  Allow  to  stand  about  15  min 
and  if  necessary  readjust  to  pH  7-8.  Maintain  at  104°  F.  for  not  less  than  3 
hours.  Transfer  digested  material  to  liter  Wildman  trap  flask.  Add  20  ml.  of 
gasolme  imd  mix  thoroughly.  Allow  mixture  to  stand  5  min.,  fill  with  saturated 
NaCl  solution,  and  after  30  min.  trap  off  into  250  ml.  beaker.  Add  about  10 
ml  gasoline  to  the  material  in  the  trap  flask,  stir  the  gasoline  into  the  mixture 
and  after  about  5  min.,  trap  off  into  the  same  beaker.  Transfer  contems  of 
weaker  to  trap  flask  and  fill  with  saturated  NaCl  solution.  Stir  and  after  about 

and  fil,er  «  «'•"  -ir 

Digestion  in  400  mi.  2  per  cent  hydrochloric  acid:  To  50  gm  Hour  in  •> 

iraTteL  naT,  tort 400  mi- 

With  intermittent  stirring  bring  to  a  boil  and  l»i  20  n  in  Transfer  ^VlT' 
trap  flask  and  trap  off  with  gasoline  and  water  in  the  usual  manner  »  '  ^ 

In  commenting  on  the  above  procedures,  those  authors  concluded- 

recoverieTthan  'dtcTthe  use'  ^ 

recovers  additional  filth  elements;  and  that’  the  a‘v^'  htsmfe^ 
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count  using  large  quantities  of  dilute  hydrochloric  acid  was  as  high  as 
or  higher  than  any  of  the  averages  for  pancreatin  digestion. 

Insect  Excreta 

For  the  detection  of  insect  excreta  in  flour  the  following  method  given 
in  “Methods  of  Analysis”  of  the  Association  of  Official  Agricultural  Chem¬ 
ists  will  be  found  useful: 

“Weight  0.20  gm.  of  flour  on  tared,  flat,  glass  disk  of  7  to  7.5  cm.  diam.  Add 
clove  oil  and  spread  mixture  into  thin  uniform  layer.  (There  should  be  sufficient 
oil  present  to  clear  flour  and  present  smooth  surface  of  oil,  but  not  so  much 
that  mixture  will  flow  off  disk.) 

Place  wire  grid  over  disk  and  examine  microscopically  with  dark  background 
and  intense  reflected  light.” 

Identification  of  Insect  Fragments1 

In  the  extraction  of  insect  fragments  from  food  products  it  has  been 
found  that  the  mandibles  of  the  insects  are  relatively  resistant  to  grinding, 
are  readily  recovered  in  substantial  numbers  and  are  easily  examined 
microscopically.  Kurtz  et  al.  (1952)  studied  the  mandibles  of  a  number 
of  the  common  stored  grain  insects  and  published  a  key  for  their  iden¬ 
tification.  Illustrations  were  also  provided.  Heuermann  and  Kurtz 
( 1955 )  have  published  a  paper  dealing  with  the  elvtral  patterns  of  some 
20  insects  associated  with  food  products,  whereby  small  pieces  of  the 
elytra  could  be  used  to  identify  insect  species.  Such  information  is  of 
value  in  that  it  may  indicate  the  origin  of  an  infestation  of  milled  cereal 
products,  by  accurately  identifying  the  insect  or  insects  involved. 


INSECTICIDAL  RESIDUES 

In  the  control  of  insect  infestations  in  grain  and  milled  products  chemi¬ 
cal  fumigants  are  used  which  leave  residues.  The  provisions  of  the  Miller 
Amendment  to  the  Food,  Drug  and  Cosmetic  Act  stipulate  that  the  lesi- 
due  of  any  pesticide  remaining  in  or  on  raw  agricultural  products  as  a 
result  of  using  such  pesticide  in  the  production  or  preservation  of  the 
product,  must  not  exceed  tolerances  established  under  the  Act.  All 
grains  are  classed  as  raw  agricultural  products.  Milled  products  such 
as  flour,  corn  meal,  brewers  grits,  oatmeal,  cottonseed  meal  and  mixed 
animal  feeds  are  not  classed  as  raw  products,  but  fall  under  the  provisions 
of  another  section  of  the  Act;  and  tolerances  for  residues  must  be  estab¬ 
lished  separately  for  these  products. 

1  Announcement  has  been  made  (1958),  that  the  Bureau  of  Biological 
Sciences  Food  and  Drug  Administration,  Washington,  D.  C.,  has  begun  p  P< 
an'authoritative  and  comprehensive  volume  on  insects  and  insert  fragments  winch  cause 

adulteration  of  foods  and  drugs. 
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Many  of  the  common  grain  fumigants  such  as  carbon  disulfide,  carbon 
tetrachloride,  ethylene  dichloride  and  chloropicrin  are  exempt  from  the 
need  for  a  tolerance,  since  their  residues  disappear  rapidly  or  do  not  re¬ 
main  in  amounts  sufficient  to  be  hazardous.  Tolerances  of  25  parts  per 
million  of  hydrocyanic  acid  and  50  parts  per  million  of  inorganic  bromide 
have  been  established  for  grain.  Residues  of  hydrocyanic  acid  in  grains 
resulting  from  fumigation  with  either  calcium  cyanide  or  liquid  hydro¬ 
cyanic  acid,  are  transitory  so  that  repeated  fumigations  do  not  normally 
create  a  problem. 

Residues  of  inorganic  bromide  will  result  from  fumigation  with  methyl 
bromide  or  liquid  fumigants  containing  ethylene  dibromide.  This  residue 
is  said  to  be  the  result  of  a  methylation  process  in  the  protein  of  the  grain, 
resulting  in  the  formation  of  an  inorganic  bromide.  This  residue  is  fixed 
and  cannot  be  removed.  Each  time  grain  is  fumigated  with  these  prod¬ 
ucts,  additional  residues  of  inorganic  bromide  accumulate.  Such  residues 
also  accumulate  in  milled  cereal  products  as  a  result  of  fumigation  with 
methyl  bromide. 

Excessive  residues  of  inorganic  bromide  as  a  result  of  repeated  fumi¬ 
gations  may  cause  disagreeable  odors  in  bakery  products  or  the  50  p.p.m. 
tolerance  may  be  exceeded. 

Where  the  history  of  previous  treatments  of  raw  grain  or  milled 
cereal  products  is  unknown,  the  user  would  do  well  to  have  the  inorganic 
bromide  content  determined  before  purchase.  Such  analysis  can  be 

performed  by  commercial  laboratories  or  by  the  manufacturer  of  methyl 
bromide. 


IHL  RODENT  PROBLEM 

Rodents  destroy  grain  and  grain  products,  contaminate  it  with  their 
hlth,  and  carry  at  least  10  diseases,  including  Rubonic  plague,  murine 
yphus,  spirochetal  jaundice,  tularemia,  Leptospirosis  (Weil’s  disease), 
trichinosis,  rabies,  rat-bite  fever,  rickettsial  pox,  and  bacterial  food  poison- 
lng- 

,  “'ng  ‘°  a"  ftimate  V  "'e  Fis>'  ™d  Wildlife  Service,  (Mills 
-  there  are  at  least  100  million  rats  in  the  United  States  each  of 

doUars  °°MicUS  “  ^  °f  W#  a  ^  »  *  total  of  over  one  biLn 
than  rats  A&  ^ 7*  ^Uat  C  ea  more  numerous  and  universally  distributed 
^o^r^ra  (1954>  °Ver  300  difee"‘  "native  fots 

^  pE  °T  “ 

may  reach  astronomical  nronortinn,  q  [  their  numbers 

California  during  1996  when  inf  t  r  1C  *  dn  outbreab  toob  place  in 
per  acre.  ^  infestations  were  estimated  to  total  80,000 
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Both  rats  and  mice  possess  a  high  reproductive  capacity.  Dykstra 
states  that  while  their  breeding  rate  is  usually  greatest  during  spring  and 
fall,  20  to  30  per  cent  of  the  female  rats  are  always  pregnant.  About 
3,500,000  rats  are  born  daily  in  the  United  States.  Many  of  them  die 
through  natural  mortality,  but  in  one  years  time  a  pair  often  produce 
60  to  70  offspring  that  survive  to  maturity. 

The  female  meadow  mouse  is  said  to  be  “unpregnant”  only  10  per  cent 
of  her  life  and  the  household  variety  is  not  far  behind.  One  pair  may  have 
40  to  60  surviving  offspring  each  year. 

The  Norway  Rat 

The  brown  or  Norway  rat  ( Rattus  norvegicus  Erxleben)  is  the  most 
abundant  and  troublesome  of  the  rats  that  attack  grain  in  storage.  Orig¬ 
inating  in  Asia,  it  has  spread  to  many  parts  of  the  world  including  the 
United  States  and  Canada. 

This  large,  brown  rat  lives  in  burrows  around  grain  bins  and  under 
buildings  or  may  nest  in  sheltered  locations  on  the  first  floor  of  buildings. 
It  is  about  16  inches  long  and  when  full  grown  averages  about  3/4  pound 
in  weight.  Rats  stay  within  75  to  100  feet  of  their  burrows  unless  forced 
to  travel  further  for  food.  They  may  feed  at  any  time  of  the  day  or  night; 


Fig.  164. 


Rats 


not  only  Destroy  Chain  but  Render  Ten  Times  the  Amount 
They  Eat  Unfit  for  Human  Consumption 
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but  they  are  most  active  after  dusk.  Food  in  exposed  locations  almost 
always  is  removed  to  a  protected  site  before  it  is  eaten.  The  Norway 
rat  begins  to  breed  at  3  or  4  months  of  age.  The  gestation  period  is  from 
21  to  25  days  so  it  would  be  possible  for  a  female  to  have  as  many  as  12 
litters  a  year.  Actually  they  average  from  3  to  5  liters  a  year;  litters 
vary  in  size  from  6  to  22  young  but  average  from  8  to  10. 

According  to  Mills  (1953)  each  rat  is  capable  of  consuming  40  lbs.  of 
grain  per  year.  They  may  render  10  times  that  amount  unfit  for  human 
consumption.  In  all,  they  are  reported  to  destroy  200  million  bushels  of 
grain  a  year  (Fig.  164). 


The  House  Mouse 

The  imported  house  mouse  ( Mus  musculus  Linnaeus)  is  the  most 
destructive  of  our  mouse  pests,  and  is  said  to  be  an  even  greater  despoiler 
of  grain  than  the  rat. 

The  house  mouse  is  one  of  the  smallest  of  the  rodents.  It  is  brown  in 
color,  with  pale  underparts  and  weighs  between  V2  ounce  and  s/4  ounce 
when  mature.  The  females  may  have  6  or  7  litters  of  5  or  6  young  each 
year.  In  spite  of  their  small  size,  a  pair  may  consume  four  pounds  of 
food  during  the  fall  and  winter  months.  As  a  rule  the  house  mouse  does 
not  travel  far  but  prefers  to  remain  within  a  few  feet  of  its  nest  and  food 
supply.  They  rarely  travel  outside  an  area  of  50  square  feet.  In  nature 
they  may  live  about  a  year  unless  they  meet  with  accidents. 


RODENT  C’ONTAMINATION 

Rodent  contamination  of  grain  starts  in  the  field.  Many  species  of 
mice  live  in  the  open  fields  the  year  around  and  grain  fields  supply 
abundant  food  and  shelter  for  them.  When  the  heads  of  small  grains 
become  heavy  and  bend  over,  the  mice  feed  upon  them  and  deposit  their 
filth  so  that  some  of  it  is  picked  up  in  the  process  of  harvesting.  The 
temporary  piling  of  grain  in  the  open  at  harvest  time  adds  to  the  danger 
o  contamination.  In  the  case  of  combined  grain,  the  combine  harvester 
itself  may  be  a  source  of  contamination.  It  may  become  contaminated 
with  rodent  droppings  while  it  is  stored  over  winter  in  farm  machinery 
sheds  without  cleaning,  or  when  left  in  the  field  overnight  during  the 

iio'.to  thTf ,TPoS  0f  grain  taken  directl>'  from  *e  combines  in- 
C.itc  that  fiom  5  to  9  per  cent  of  the  combined  wheat  in  some  areas 

already  contains  evidence  of  rodent  filth  in  the  form  of  droppings 

During  storage  on  the  farm,  and  as  it  passes  through  th!  various 

p lasts  o  storage  from  the  field  to  the  processing  plant  rodents  nviv 

have  free  access  to  grains.  They  contribute  their  droppings!  urine  fur 

ant  carcasses  in  arge  quantities.  According  to  Dykstra  (1954)  a  single 
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pair  of  rats  living  in  a  granary  or  warehouse  during  six  fall  and  winter 
months  eliminate  around  70  droppings  per  day.  Their  six  months’  ac¬ 
cumulation  is  about  25,000  droppings  with  a  total  weight  of  between  2 
and  4  lbs. 

One  rat  voids  about  16  ml.  of  urine  in  24  hours.  The  total  volume 
from  a  pair  in  six  months  equals  about  1V2  gallons.  They  constantly 
shed  particles  from  their  dirty  coats  of  some  500,000  hairs.  The  amount 
of  other  forms  of  filth  carried  by  them  cannot  be  estimated. 

Similarly,  a  single  pair  of  house  mice  living  in  a  granary  eliminate  about 
48  droppings  per  day  and  void  0.5  ml.  of  urine  in  24  hours. 

All  of  this  filth  does  not  fall  into  food  material  but  enough  of  it  does 
to  create  a  serious  problem.  When  it  is  considered  that  one  rodent  pellet 
per  pint  of  wheat  renders  this  wheat  subject  to  seizure,  the  daily  drop¬ 
pings  fiom  one  rat  could  render  one  bushel  of  grain  unfit  for  milling. 

During  1952  some  sixty  cars  of  wheat  contaminated  with  rodent  filth 
were  diverted  through  Federal  action  from  food  to  feed  channels. 

One  Midwest  firm  reported  100  or  more  rodent  pellets  per  bushel  of 
corn  in  58  per  cent  of  1,393  cars  unloaded  for  milling  purposes. 

A  survey  of  corn  conducted  by  the  Food  and  Drug  Administration 
gave  evidence  of  rodent  filth  in  90  per  cent  of  over  1000  samples  taken  at 
terminal  markets.  One-sixth  of  the  cornmeal  entering  retail  channels  in 
a  Southern  State  was  declared  by  the  State  Chemist  to  be  unfit  for  human 
food.  In  another  area  47  per  cent  of  34  samples  from  canned  corn  on 
grocery  shelves  contained  rodent  hairs. 

In  the  course  of  an  investigation  by  Food  and  Drug  Administration 
officials  on  rodent  contamination  of  wheat  and  wheat  flour  and  of  corn 
and  corn  meal  (Harris  et  al.  1952  and  1953),  interesting  figures  were 
obtained  regarding  rodent  contamination  in  market  grain  reaching  com¬ 
mercial  mills  and  the  efficiency  of  cleaning  machinery  in  removing  their 
filth. 

Rodent  Contamination  of  Milling  Wheats 

Based  on  a  survey  of  1,411  wheat  samples  collected  from  109  mills 
used  as  sampling  points  23.1  per  cent  were  contaminated  with  rodent 
pellets  on  a  1000-gm.  pickout  test.  There  was  a  tendency  toward  higher 
contamination  in  wheat  from  the  Dakotas,  Nebraska,  Minnesota,  Iowa, 
Illinois,  Indiana  and  Ohio.  There  was  a  decrease  in  infestation  from 
May  to  September  with  the  marketing  of  new  crop  wheat,  and  a  rise  in 
October  which  continued  through  the  winter  months.  The  relationship 
between  rodent  contamination  and  type  of  storage  from  which  wheat 
samples  originated  is  shown  by  the  data  of  Table  144. 

The  type  of  wheat  had  no  significant  influence  on  rodent  contamination. 
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Mill  cleaning  reduced  the  average  number  of  rodent  pellets  in  wheat 
at  practically  all  mills  in  which  studies  were  made  with  an  over-all  re¬ 
duction  from  0.35  to  0.13  per  1000  gm. 

As  shown  by  the  data  of  Table  145,  there  is  a  positive  relationship 


Table  144 

RELATION  OF  RODENT  PELLET  CONTAMINATION  TO  TYPE  OF  STORAGE- 

1000  GM.1 


-PICKOUT  FROM 


Tvpe  of 

Number  of 

Number  of  Rodent  Pellets 

Storage 

Samples 

Range 

Average 

Direct  from  harvest 

25 

0-  5 

0.20 

Farm 

42 

0-  7 

0.62 

Country  elevator 

782 

0-19 

0.56 

Terminal  elevator 

542 

0-  7 

0.32 

Other  and  unknown 

192 

0-  4 

2.00 

Total  or  averages 

(over-all) 

1410 

0-19 

0.48 

1  Harris  ft  al.  (1952). 

2  One  sample  counting  30  pellets  omitted. 

Table  145 

COMPARISON  OF  RODENT  HAIRS  IN 

FLOUR  TO  RODENT 

PELLETS  IN 

THE  UNCLEANED  AND 

CLEANED  WHEAT1 

Rodent  Hairs 

Rodent  Pellets  in 

Rodent  Pellets  in 

per 

Per 

Uncleaned  Wheat3 

Cleaned  Wheat3 

50  Gm.  Flour 

No.2 

cent 

Range 

Average 

Range 

Average 

0 

132 

62.7 

0-3 

0.20 

0-1 

0.06 

1 

63 

29.5 

0-3 

0.52 

0-2 

0.29 

2 

13 

6.3 

0-4 

0.62 

0-1 

0.08 

3 

2 

1  .0 

1-1 

1  00 

0-1 

0.50 

1 3 

1 

0.5 

6.00 

1  00 

Total  and  averages 

(over-all) 

211 

0-6 

0.35 

0-2 

0.14 

so  cracked8 that'1exarninationewat$3imprac^cable)n  "h‘Ch  M  anal>'ses  werc  completed.  Some  cleaned  wheats  were 
3  Visual  examination  of  1000  gm. 

between  the  number  of  rodent  pellets  in  wheat  and  rodent  hairs  in  the 
Hour  made  from  it. 

Rodent  Contamination  in  Milling  Corn 

I?!6  “  StUteS  F°0tl  and  Drug  Administration  survey  showed  that 
«  taant.al  proportions  of  both  white  and  yellow  corn  purchased  by 
Vs  are  contaminated  with  rodent  pellets.  Only  ten  per  cent  of  the 
samples  taken  showed  no  pellets  per  peek  of  corn  1 

mouse  ptnets'b  Substantial  Proportions  of  both  rat  and 

going  to  the  rolls. S°mi  pe,U  ts  were  founcl  in  the  cleaned  corn 

There  was  a  relationship  between  the  number  of  rodent  pellet  frag- 
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merits  and/  or  rodent  hair  fragments  in  bolted  corn  meal  and  the  rodent 
pellet  findings  in  the  cleaned  corn  from  which  the  corn  meal  was  made. 

DETECTION  OF  RODENT  CONTAMINATION 
Visual  Examination 

The  rodent  pellet  pickout  method  of  determining  rodent  contamination 
of  grain  is  a  practical  test  that  requires  no  special  training  or  equipment. 

In  the  case  of  wheat  the  sample  can  be  examined  by  spreading  a  small 
portion  at  a  time  on  a  piece  of  white  paper  or  a  white  painted  surface. 

Corn  can  be  examined  in  the  same  manner;  however,  since  mouse 
pellets  can  be  removed  from  corn  by  sieving,  the  sample  should  be  run 
over  a  No.  6  sieve.  The  rat  pellets  then  can  be  picked  out  in  the  manner 
described  for  wheat. 


Analytical 

Analytical  procedures  for  determining  rodent  pellet  fragments  and 
rodent  hairs  in  whole,  bolted  or  degerminated  corn  meal  or  corn  grits 
have  been  described  by  Harris  et  al.  (1953)  as  follows: 


1.  “Rodent  Pellet  Fragments:  Weigh  a  50  gm.  portion  of  the  well-mixed 
sample  into  a  250  ml.  hooked  lip  beaker.  Add  chloroform  to  within  one-half 
inch  of  top,  mix  thoroughly,  and  allow  to  settle  at  least  30  minutes.  Several 
times  during  this  period,  stir  layer  that  rises  to  top.  Decant  chloroform  and 
floating  corn  tissue  onto  a  filter  paper  in  a  Buchner  funnel,  taking  care  not  to 
disturb  the  heavy  residue  in  bottom  of  beaker.  Before  decanting,  take  care 
that  floating  layer  has  not  become  so  compact  as  to  render  this  operation  diffi¬ 
cult.  Add  a  quantity  of  carbon  tetrachloride  equal  to  the  quantity  of  chloroform 
and  corn  tissue  left  in  beaker,  allow  to  settle  again,  and  decant  as  befoie. 
With  a  mixture  of  equal  parts  of  chloroform  and  carbon  tetrachloride,  repeat 
this  process  until  very  little  corn  tissue  remains  in  the  beaker.  The  material  in 
the  Buchner  funnel  is  used  for  Part  2  below.  Be  careful  not  to  decant  any 
rodent  pellet  fragments  that  may  be  present.  Wash  the  residue  in  the  beaker 
onto  a  seven-cm.  ruled  filter  paper,  using  a  stream  of  chloiofoim  or  cai  on 
tetrachloride,  and  examine  microscopically  at  30X.  Count  the  rodent  excreta 
fragments  identified  by  the  presence  of  rodent  hairs.  Do  not  count  particles 

resembling  excreta  fragments  unless  hair  is  attached.  f  , 

2.  “Rodent  Hairs:  Draw  air  through  the  material  in  the  Buchner  funnel 

until  the  liquid  has  evaporated.  Air  dry  until  no  odor  of  chloroform  rein  a  nis 
and  transfer  the  residue  to  a  one  liter  Wildman  trap  flask.  Ac  c  m'  , 

60  per  cent  alcohol  and  mix  thoroughly.  Wash  down  the  sides  of  the  flask 
with  the  alcohol  until  about  300  ml.  is  added,  and  soak  thirty  minutes. .  Adc 
about  35  to  50  ml.  of  gasoline,  mix  thoroughly,  and  allow  to  stand  five mi"' ,  ’ 

Fill  with  the  alcohol,  allow  to  stand  30  minutes  and  trap ■  €&  into  a  beaker 
Rinse  the  neck  of  the  flask  with  alcohol  then  with  water,  collectang  he  rmsmgs 
in  same  beaker.  Add  about  10  ml.  gasoline  to  the  trap  flask .  mot  do w n  mto  the 
liquid,  add  sufficient  60  per  cent  alcohol  to  hung  the  flo.  g  g- 


INSECT  AND  RODENT  INFESTATION  OF  CEREALS 


723 


un  into  the  neck  of  the  flask  and,  after  about  30  minutes,  again  trap  off  into 
the  same  beaker.  Rinse  neck  of  the  flask  as  before.  Filter,  and  examine  miti  o- 

scopicallv  at  30X.  Count  the  rodent  hairs. 

“In  the  case  of  cream  meals,  corn  flour  and  similar  products  consisting  hu  ge  y 
of  finely  ground  material,  use  the  same  procedure  as  for  whole  corn  meal  tor 
detecting  rodent  pellet  fragments.  For  detecting  rodent  hairs  proceed  as  tor 
whole  corn  meal  except  substitute  saturated  NaCl  solution  foi  60  pci  cen 

alcohol.” 

For  determining  rodent  hairs  in  flour  follow  the  technique  suggested 
for  the  examination  of  filth  in  flour  described  in  the  section  on  insect 
contamination. 
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A 

Adlay,  18.5-188 

cultivation  practices,  187-188 
description  of,  187 
distribution  of,  185,  187 
nutritional  quality  of,  187 
Albumen,  dusting  of,  328-329 
effect  of  yolk  lipids  on,  358-360 
use  in  macaroni  products,  288-289 
whip  boosters  for,  360-361 
Alimentary  pastes,  see  Macaroni 
American  Institute  of  Baking,  244 
Amino  acids,  balance,  622—623,  662 
essential,  621-622,  672 
fortifying  cereal  foods  with,  623-631 
Ammonium  bicarbonate,  343 
Anderson  expellers,  392-393 
Angoumois  grain  moth,  698 
Antioxidants,  346-348,  611-613,  690 
Ascorbic  acid,  643-644 
Ash  test  procedure,  220,  312 
Attenuation,  528 

B 

Baking,  commercial  procedure,  242-273 
Baking  powder,  see  Leavening  agents 
Barley,  76-95 

adaptability  of,  77 
classification  of,  78-79,  47.5-476 
composition  of,  90-91,  519 
description  of,  78 
economic  importance  of,  77 
flour,  465 
growing  of,  82-83 
harvesting  of,  83-84 
identifying  varieties  of,  86-91 
malting  of,  91-92 
origin  of,  76-77 
production  statistics  for,  80-82 
starch  granules  of,  572 
storage  of,  84 
structure  of,  86-89 
tests  for  malting  quality  of,  92-93 
utilization  of,  84-86,  475-476,  512 
Barley  feed,  419 
Beer,  analysis  of  typical,  537 

analytical  procedures  for,  542-544 
effect  of  oxidation  on,  540 
manufacture  of,  510-546 
pasteurization  of,  534 
protein  distribution  in,  539-540 
quality  tests  for,  542-544 
storage  of,  530-532 
types  of,  512 


Biscuit  mix,  326 

Bleaching,  of  grain  oils,  395-396 
Bleaching  and  maturing  agents,  230,  335 
Bologna  styles,  291 

Bread  making,  brew  processes  for,  260 
continuous,  260 
ingredients  for,  245 
with  rye,  114,  236 
Bread  slicing,  258—259 
Bread  staling,  260-261 
Bread  wrapping  equipment,  258-259 
Break  rolls,  208-209 
Break  sifting  system,  209—210 
Breakfast  cereals,  as  a  feed  ingredient, 
416,  420 

enrichment  of,  550,  651 
history  of,  547 
instantizing,  550 
production  statistics  of,  548 
use  of  rice  for,  429,  551 
Brewing,  510-546 

analytical  control  in,  534-542 
mashing  in,  512,  517-520 
raw  materials  for,  512 
typical  formulations,  532-533 
Brewing  water,  effect  of,  on  beer  flavor, 
515 

variations  in,  516 
“Brown  and  serve”  rolls,  262-263 
Butylated  hydroxyanisole,  611-612 

C 

Cake  manufacture,  achieving  formula  bal¬ 
ance  in,  265 
ingredients  for,  263-265 
processes  used  in,  266-270 
typical  formulas  for,  26.5-266 
Cake  mix,  angel  food,  329 
universal,  329 

Canning,  of  macaroni  products,  318-319 
of  rice,  429,  451 
Cereal  granules,  558-560 
Checking,  of  macaroni,  299-302 
Chillproofing,  531-532,  533,  539-540 
Coated  breakfast  cereals,  565-566 
Cold  test  for  oils,  399 
Color  test  procedures,  for  flour  2^0 
for  oils,  399 

Concentrate  feeding,  666-670 
Com,  as  a  beer  adjunct,  510 
classification  of,  40-42 
cleaning,  215,  371-372 
composition  of,  194,  370-370 
cones,  233 
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Corn  ( continued ) 
degerming  of,  215 
description  of,  42-44,  232 
distribution  of  the  production  of,  32—36 
factors  affecting  yield  and  quality,  36- 
40 

Federal  Standards  for,  45-46 
Hour,  acidity  of,  230 
malt  extract  of,  232 
grits,  234 
milling,  214-216 
origin  of,  32 

products,  special  tests  for,  230,  383 
specifications  for,  232-235 
quality  of,  45-47 
use  in  feeds  of,  415—417 
use  as  uncooked  breakfast  cereal,  551 
waxy,  386 
Corn  Hakes,  416 
production  of,  553-544 
stability  of,  609 
use  in  brewing,  513 
Corn  gluten  feed,  405,  416 
Com  oil,  385—386 
cake,  416 

characteristics  of,  389-390,  598-599 
classification  of,  389 
nutritive  value  of,  402 
processing  of,  391—398 
production  statistics  for,  388 
quality  control  of,  398—400 
utilization  of,  400—402,  599 
Cornstarch,  369,  571 
Couching,  493-494 
Cream  of  tartar,  341 

D 

Degerming,  of  corn,  374—375 
Deodorization,  of  grain  oils,  397-398 
Derivatized  starches,  590-591 
Dextrose,  from  corn  starch,  382 
Dextrose  equivalent,  381 
Dicalcium  phosphate,  339,  462 
Distillers’  dried  solubles,  417,  673 
Dormancy  in  barley,  cause  of,  478 
definition  of,  477 
overcoming,  477—478 
Dough  dividers,  252—253 
Dough  mixers,  246-247 
Dough  mixing  processes,  sponge  and 
dough,  249-250 
straight  dough,  248-249 
Dough  molders,  254 
Doughnut  mixes,  353 

Drying  of  macaroni,  basic  considerations, 
296-297 

controls,  307-308 

methods  and  machinery  for,  296-308 
preparing  the  product  for,  296 
short  cuts,  305-307 

special  techniques  for  long  goods,  3UJ- 
304 

Durum,  blight  damage  in,  279 


composition  of,  194,  277 
effect  of  growing  conditions  on,  278- 
279 

Hour,  278 

milling  of,  218-219,  237-238 
products,  specifications  for,  237-239 
276 

semolina,  definition  of,  238 
sprout  damage  in,  279-280 
suitability  for  macaroni,  276-277 

E 

Egg  yolks,  354-358 

effect  of,  on  albumen  performance, 
358-360 

moisture  test  for,  317 
pigments  of,  281,  356 
proportioning,  in  macaroni  production, 
287-288 
Eggs,  354-361 
dried,  356-358 
for  macaroni,  280-281 
function  of,  in  baking,  355 
moisture  test  for,  317 
stabilized,  358 
whole,  354-358 
Emulsification,  348-350 
Entoleter,  215 
Extensometer,  224 


F 


Farinograph,  224,  313 
Fat  hydrolysis,  605-610 
Fat  oxidation,  factors  affecting,  602-604 
measurement  of,  602 
mechanisms  of,  601-602 
results  of,  604-605 
Fat  test,  procedure  for,  222 
Fatty  acids,  595-599 
Feeds,  methods  for  production  of,  408- 
413 

quality  control  tests  for,  421-422 
regulation  of  sale  of,  422-424 
statistics  of  production  and  consump¬ 
tion  of,  406—408 


Feed  ingredients,  415-420 
from  corn,  386,  405 

Fermentation,  in  brewing,  527-530 
of  bread  doughs,  248-252 
secondary,  530 

Fiber  test,  procedure  for,  220-221 

Flaking,  551-553 

corn  cereal  production  by,  5o«3 
wheat  cereal  production  by,  555-557 


ix,  418  . 

>tation  method  for  detecting  infesta¬ 
tion,  711 

nir,  baking  tests  for,  226-227 
oread,  224,  335 
;ake,  334-335 
ihlorine  treatment  of,  226 
conveying  systems  for,  2 12--1 3 
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hard  wheat,  334 

spring  wheat,  composition  ot,  and  uses, 

332  .  , 

winter  wheat,  composition  and  uses, 

333 


packaging  of,  213-214 
patent,  227 
phosphated,  325 

physical  structure  of,  196-197,  332 
self-rising,  321,  324 
soft  wheat,  333 
specifications  for,  227-231 
storage  of,  213-214 
straight,  227 

Flour  beetles,  698-699,  700 
Flour  storage,  246-247 
Freezing,  of  cooked  rice,  451—452 
of  macaroni  dishes,  319 
Fumaric  acid,  341 


G 

Germination,  491-498,  516-517 
Gluconic  acid,  341 

Gluten,  effect  of  oxidizers  on,  224,  226 
quality  tests  for,  222-225,  312-313 
reaction  to  processing  of,  248-251 
Gramola,  283 
Granary  weevil,  697-698 
Grit  test,  313 


II 

Hilum,  of  starch  granules,  569-571 
Hominy,  feed,  235,  416 
grits,  551 
pearl,  234 
Honey,  366 
Hopping,  525-526 
Hops,  513-515,  535 
Humulene,  514 
Hydrogenation,  613 


I 

Indian  meal  moth,  699-700 
Infant  foods,  ingredients  for,  463-466 
nutritional  considerations  in,  473-474 
packaging,  469^470 
processing  flow  sheet  for,  468 
rice  polish  in,  444 
special  uses  of,  474 

Insect  infestation,  contamination  from 
70,5-709 

detection  of,  709-714 
early  history  of,  696-697 
in  baby  food  ingredients,  466 
losses  due  to,  703-705 
of  durum  products,  310 
Insecticides,  residues  of,  716 
use  of,  716-717 


J 

Job’s  tears,  185  , 


K 

Kilning,  498-507 

effect  on  malt  enzymes,  519 
heat  sources  for,  499-500 
heating  requirements  in,  505-507 
sample  schedules  for,  501-502 
sulfur  dioxide  application  during,  507— 
508 

ventilation  schemes  for,  502-505 


L 

Lactic  acid  rest,  518 
Lactose,  366-367 
in  bread  doughs,  251 
Leavening  acids,  neutralizing  strength  ot, 
343 

reaction  of,  344-345 
suitability  of,  for  prepared  mixes,  342 
Leavening  agents,  336-346 
carbon  dioxide  as,  337 
effect  of  heat  on,  344-346 
entrapped  air  as,  337 
heat  volatilized  substances  as,  337-338 
pressurized  gases  as,  338,  343-344 
Linseed,  418 
Lipases,  600,  605-607 
Lipoxidase,  600,  604 

in  semolina  and  macaroni,  317,  604 
Lysine,  supplementation  with,  breakfast 
cereals,  631 

rice,  432-433,  629-630 
rye,  630 
wheat,  624—628 


M 

Macaroni  (alimentary  pastes,  spaghetti, 
vermicelli ) 

Bologna  styles,  291 
checking  in,  299-302 
color  tests  for,  317-318 
consumption  statistics  of,  274 
cooking  tests  for,  315—317 
cutting  and  handling,  308—310 
definition  of,  274 
dies,  292-296 
cleaning,  295 
construction  of,  293-296 
effect  of  wear  on,  293-294 
special  types  of,  296 
enrichment  of,  275,  647 
equilibrium  moisture  content  of,  297- 
298 

grading,  315 

instantizing  methods  for,  304 
physical  constants  of.  300 
production  methods  for,  281-282 
quality  control,  310-318 
raw  materials,  276-281 
Standards  of  Identity  for,  274-275 
vacuum  systems  for,  291-293 
Macaroni  presses,  batch  type,  283 
continuous,  283-289 
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feeding  problems  of,  285-289 
MacMichael  viscosimeter,  224—225 
Malt  syrup,  366 
Malting,  516-517 

germination  procedures  in,  491-498 
kilning  procedures  in,  498-507 
preparation  of  barley  for,  476-483 
steeping  procedures  in,  483-490 
Mannitol,  385 

Milk,  effect  of,  on  baking  performance, 
361-362 

nonfat,  dried,  361 
roller  process,  361 
nutritive  value  of,  363 
use  in  prepared  mixes,  361-363 
Millet,  177-182 

composition  of,  181-182 
cultural  practices,  178-180 
distribution  of,  179-181 
foxtail,  178-179 
origin  of,  179 

Millfeed,  composition  of,  227 
Milling,  conditioning  wheat  for,  205-207 
corn,  214-216 
durum,  218-219,  237-238 
flow  sheet  of,  207 
history  of,  193-194 
rye,  217-218,  235-237 
tempering  wheat  for,  203-204 
wet,  369-387 
wheat,  194-213 
Minerals,  653-655,  672,  676 
Mixers,  for  feed,  411-413 
Mixes,  see  Prepared  Mixes 
Mixograph,  224 
Modification,  475 
Moisture  test  procedure,  219,  314 
Molasses,  336 

Monocalcium  phosphate,  339 

Moth,  grain,  see  Angoumois  grain  moth 

Myrcene,  514 

N 

Neutralizing  strength,  343 
Niacin,  678 

Noodles,  definition  of,  274-275 
drying  of,  307 

production  methods  for,  289-294 
Nordihydroguaiaretic  acid,  611—612 

O 

Oat  flour,  464 
Oatmeal,  463 
Oats,  59-75 

botany  of,  65-69 
classification  of,  68-69 
crimped,  417 
genetics  of,  69 
groats,  417 
harvesting  of,  72-73 
history  of,  61-62 
insect  pests  of,  64-65 


internal  and  export  trade  in,  62-63 
methods  for  improvement  of,  69-71 
origin  of,  60-61 

production  methods  for,  71-73 
production  statistics  of,  59-60 
starch  granules  of,  572 
storage  of,  73-74 
use  in  breakfast  cereals,  550-551 
utilization  of,  74 
winterkilling  in,  63 
yield  of,  74-75 
Ovens,  baking,  256-258 
Oxidized  starches,  587-589 

P 

Paddy  separator,  435 
Parboilecf  rice,  cooking  quality  of,  447 
expanded,  449 

methods  for  manufacturing,  445,  447 
nutritive  quality  of,  446,  454 
storage  properties  of,  447—448 
Pancake  mix,  321,  327-328,  342 
Particle  size  test,  apparatus  for,  221-222 
Pekar  test,  procedure,  220 
Pelleting,  409,  413—414 
Peroxide  value,  399 
Pet  foods,  424-426,  687-688 
Phosphatides,  596-598 
Pie  crust  mix,  330,  352 
Pie  manufacturing,  270,  272 
Plansifter,  209 
Popcorn,  47-50 

cultivation  procedures  for,  47 
factors  influencing  expansion  rate  of, 
48-49 

production  statistics  of,  47 
quality  factors  of,  49 
test  methods  for,  49-50 
varieties  of,  48 
Potassium  bicarbonate,  338 
Prepared  mixes,  economies  of,  323 
formulation  of,  324—331 
ingredients  for,  331-366 
mixing  of,  325-326 
shortening  for,  346-354 
Proofers,  automatic,  256 
Propyl  gallate,  611-612 
Protein  test  procedure,  219-220 
Puffing,  560-561 
-gun,  562—564 
-oven,  561 
Pumpernickel,  236 
Purifier,  210,  219 
Pyridoxine,  641-643 

Q 

Ouick-cooking  rice,  enrichment  of,  450 
"  methods  for  manufacturing,  449-451 
properties  of,  450 

R 

Rats,  718-719 
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contamination  by,  719-721 
detection  of  contamination  by,  72Z-/Z5 
Reduction  rolls,  210 
Reduction  sifting  system,  21- 
Riboflavin,  637-641,  663 
Rice  as  an  adjunct  in  brewing,  510 
botany  of,  138-141 
composition  of,  430-431 
cooking  characteristics  of,  1  / 2 
cultural  practices  for,  147-162 
diseases  of,  159-161 
distribution  of,  137 
drying  practices  for,  163-165 
enrichment  of,  430,  453,  648-649 
fertilizers  for,  157 

gelatinization  characteristics  of,  171, 
431 


harvesting,  163 
insect  pests  of,  161-162 
kernel  structure  of,  428-429 
market  quality  of,  442 
nutritional  characteristics  of,  429,  432- 
433,  454-455 
origin  of,  137-138 

production  and  trade  statistics  of,  141— 
146,  427 

quality  tests  for,  171-173 
rotation  systems  for,  149-152 
seeding  procedures,  154-157 
soil  types  for,  147-148 
species  of,  139-140 
starch  granules  of,  572 
varietal  differences  in,  165-171 
water  requirements  of,  148-149 
waxy,  characteristics  of,  453 
uses,  452 

weeds  found  in,  157-159 
wild,  see  Wild  rice 
yields  of,  145 

effect  of  climate  on,  147 
Rice  bran  oil,  characteristics  of,  390-391 
444 


classification  of,  389 
processing  of,  391-392,  444 
quality  control  of,  398-400 
Rice  grass,  185 
Rice  hullers,  435-442 
Rice  milling,  43.3-442 
Rice  polishings,  419,  444 
Rice  shellers,  433-435 
Rice  weevil,  697,  700-701 
Rounders,  253-254 
Rumen  function,  663-665 
Rye,  96-119 

baking  performance  of,  218 
chemical  analyses  of,  111-113,  194 
classification  of,  99-102 
culture  of,  107-108 

distribution  of  production  of,  104-105 
flavor  of,  113 
harvesting,  109-110 


history  of,  97 

key  for  species  determination,  101 
methods  for  improvement  of,  103-104 
millfeed,  237 

milling,  217-218  f 

nutrient  requirements  for  growth  ot, 

108 

origin  of,  96 

physical  properties  ot,  115,  21/ 
production  of  in  U.  S.,  98 
products,  specifications  tor,  255-25/ 
starch  granules  of,  572 
uses  for,  105-107 

varieties  grown,  in  Europe  and  the 
U.S.S.R.,  103-104 
in  the  U.S.,  100-102 
vitamin  content  of,  116 
world  production  of,  97-98 
yields  of,  98 
Rye  “glutens,”  113,  218 


Scalping  system,  209-210,  411 
Scratch  system,  212 
Semolina,  277-278,  310-312 
Shortening,  dry,  326 

effect  of,  on  prepared  mix  stability,  351 
emulsified,  348-350 
Shredded  wheat,  557-558 
Shredding,  557-558 
Smoke  point,  399-400 
Sodium  acid  pyrophosphate,  339-340 
Sodium  aluminum  phosphate,  341 
Sodium  aluminum  sulfate,  341 
Sodium  bicarbonate,  338 
Sodium  desoxycholate,  361 
Sorbitol,  385 
Sorghum,  120-136 

adaptation  of,  120-121 
botany  of,  123 

chemical  composition  of,  133-134 
distribution  of,  120-123,  125 
fluctuations  in  production,  125 
growing  practices,  125-131 
harvesting  of,  131-132 
insect  infestation  in,  130-131 
origin  of,  121-122 
recent  changes  in,  122 
starch  granules  of,  571 
storage  of,  131-132 
structure  of  grain,  132-133 
utilization  of,  134-135 
Sorghum  gluten  feed,  420 
Spaghetti,  see  Macaroni 
Sparging,  522-523 
Speck  test,  313 

Stains  used  for  infestation  detection  710- 
711 

Starch,  barley,  572 
cereal,  composition  of,  575 
corn-,  369 

conversion,  378-382 
acid,  378-381 
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enzyme,  381-382 
filters,  377-378 

granules,  characteristics  of,  571  -.572 
refinery  products,  384-385 
tabling  process,  376-377 
fractionation  of,  572-573 
modified,  583-591 
oat,  572 

pasting  of,  576-577 
quality,  effect  on  baking,  225-226 
rice,  572 
rye,  572 

viscosity  changes  on  heating  of,  582- 
583 

wheat,  571-572 
Starch  films,  585-586 
Starch  gelatinization,  characteristics  of 
576-583 

during  mashing,  518-519 
effect  of,  on  breakfast  cereal  texture, 
549 

light  transmittaney  during,  579-580 
Starch  sponge,  585 
^  Steeping,  372-373 

effect  of  temperature  on,  483 
moisture  rise  during,  483-484,  516 
procedures  for,  485-490 
Steep  water,  385 

Sugar-coating  of  cereals,  565-566 
Sugars,  action  of,  in  baking,  363 
brown,  365-366 

chemical  composition  of,  366 
corn,  365 
fondant,  365 

relative  sweetness  of,  363 
screen  analyses  of,  364 
use  of,  in  prepared  mixes,  363-367 
Sulfur  dioxide,  effect  on  malt,  508 
importance  in  brewing,  536 
use  in  malt  kilning,  507 
Sweet  corn,  51-56 
canning  of,  54-55 
dehydration  of,  55-56 
description  of,  51 
factors  affecting  quality  of,  52-53 
freezing  of,  56 
origin  of,  51-52 
processing  of,  54-56 
tests  applied  to,  52-53 

T 

Teflon,  255,  296 
Theby  test,  223 
Thiamin,  635-637,  663 
Turbomilling,  196-197 

V 

Vermicelli,  see  Macaroni 
Vitamin  A,  644-645 


Vitamin  D,  645,  663,  677 
Vitamin  E,  685 
Vitamins,  634-635 

enrichment  of  cereal  products  with 
645-653 

fat  soluble,  644-645 
water  soluble,  635-644 

W 

Wheat,  3-31 

classification  of,  11-12 
cleaning,  197-203 
composition  of,  24-25,  194 
development  of,  6-7 
distribution  of,  4—5 
drying,  199-200 
economic  importance  of,  23-24 
Federal  standards  for,  25-26 
germination  of,  5-6 
harvesting  methods  for,  19-20 
methods  for  distinguishing  varieties  of, 
12-13 

origin  of,  3—4 

production  methods,  17-19 
production  statistics,  13-16 
quality  tests  for,  219-227 
starch  granules  of,  572-573 
storage  of,  20-21,  198-199 
structure  of,  7-11 
tests  applied  to,  2.5-29 
use  in  breakfast  cereals,  549-550 
utilization  of,  21-23 
washing,  203 

Wheat  germ  oil,  cake,  419 
characteristics  of,  390-391 
classification  of,  389 
processing  of,  391-392 
quality  control  of,  398-400 
Wiggler,  556 
Wild  rice,  182-185 
description  of,  182 
distribution  of,  182 
harvesting,  183 
nutritive  value,  185 
processing  techniques,  183-184 
Wort,  boiling  of,  523-524 
clarification  of,  522-523 
cooling  of,  526-527 

X 

X-ray  detection  of  infestation,  713-714 

Y 

Yeast,  action  in  brewing,  529-530 
effect  of  peptides  on,  520 
effect  of  wort  temperature  on,  526 
inactive  dry,  462 
top-,  512 
bottom-,  512,  527 
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